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THE CALCULATION OF BIOLOGICAL ASSAY RESULTS BY GRAPHIC 
METHODS. THE ALL-OR-NONE TATE OF RESPONSE 1 

EDWIN J. de BEER 

From t he Wellcome Research Laboratories, Tuckahoc, N . Y. 

Received for publication December 18, 1944 

i 

The all-or-none type of response is frequently encountered in biological assay 
work and in the evaluation of certain pharmacological properties of new drugs. 
Trevan (1), Gaddum (2), Bliss (3) and others have pointed out that the success- 
ful treatment of such data must not only express potency by some particular 
dose such as the LD 5 o, but also, because of uncontrollable animal variations, 
must give some idea of the precision of this figure. The following three values 
are particularly useful: (1) the LD 6 o, which depends upon the over-all sus- 
ceptibility of the animals used, (2) the slope, which depends upon the uniformity 
of response, and (3) the error associated with the potency figure, which depends 
upon the standard error and the slope. A particularly comprehensive treat- 
ment fulfilling these requirements has been given by Bliss (4, 5, 6). For a 
discussion of the principles underlying the various formulas, these references may 
be consulted. 

The purpose of the present paper is to describe the construction and use of a 
series of scales and nomographs by means of which the essential computations 
described by Bliss may easily and rapidly be done without the aid of a calculating 
machine. Other less extensive graphic treatments have been described by 
Litchfield and Fertig (7) and by Miller (8). 

The probit. In dealing with the all-or-none type of response, experiments 
may be so designed that a certain proportion of a group of animals receiving a 
given dose will be found to give a positive reaction. This proportion may be 
expressed as a percentage. The percentage in turn may be expressed as a 
probit, which is a function of the standard deviation. Tables of probits giving 
the values corresponding to various percentages are given by Bliss (6). For 
example, a certain dose of digitalis tincture may kill 4 out of 10 frogs injected. 
The percentage would be 40 and the corresponding probit is 4.75. Many dose- 
response curves become straight lines when the probit is plotted against the log 
dose and the calculations may be greatly simplified when the data are expressed 
in this fashion. 

The basic graph. The first step in earning out the computations is to 
plot the probit against the log-dose. Several years of experience have shown 
that a basic graph of the following dimensions is suitable for most types of data. 

1 Presented in part before the Group Meeting on Statistical Methods as applied to Bi- 
ological AssayB ol the Committee of Revision of the United States Pharmacopoeia at Wash- 
ington, D. C. on May 13, 1940, and in part before the Symposium on Statistical Methods in 
Experimental Biology at the Annual Meeting of the Federation of American Societies for 
Experimental B.ology at Chicago, 111., on April 1G, 1941. 
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Each probit unit is made 5 cm. long and each logarithm unit (i.e., from 0.000 to 
1.000) is made 50 cm. long. The probit scale can then be subdivided into 
hundredths and the log scale into thousandths As a further convenience, the 
logarithms are also marked off (as on a slide rule) with the corresponding numbers 
and the probits with the corresponding percentages. (See figure 1.) These 
double scales do away with the necessity of using log tables or probit tables. 
In order to protect this giaph it may be mounted on a light board and covered 
with inexpensive transparent plastic sheeting. This sheeting also affords a 
means of using the basic chart repeatedly since the various points may be plotted 
on the surface of the plastic with a wax marking pencil and after the results 



Fio 1. The Basic Gkafh 

The regression line and the use of the scales for slope, for w and for wy are shown 


have been calculated, the marks can easily be removed. Along the bottom 
edge of the chart, parallel to the abscissa, a small piece of molding may be 
fastened in order to enable the various scales (to be described later on) to be 
placed in position rapidly and easily. 

The regression line and the LD 60 value. After plotting the points, the 
dose-response curve or regression line is estabhshed by fitting the best straight 
fine by inspection. The line may then be drawn on the chart or established by 
the convenient device illustrated in figure 1. This is constructed by inscribing 
a straight line along the diameter of a circular, transparent, plastic disk, which 
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is just large enough to have its center always fall on the prohit-5 line when the 
bottom edge rests against the molding. The point of intersection of the regres- 
sion line with the probit-5 line locates the LD {0 which may be read directly 
below on the dose scale. See figures 1 and 4. 

The slope. The slope may be read directly with the aid of the protractor 
described in a previous communication (9) or by means of the modification 
illustrated in figure 1. The modified scale is constructed in the same manner as 
the protractor, save that the readings run clockwise. It is mounted face upward 
with the aid of clear lacquer on the underside of the plastic disk described in the 
preceding paragraph. The zero of the slope is located at the regression line. 
The slope is read directly from the intersection of the slope scale with the probit-5 
line. The advantage of the modified scale is that the fitting of the regression 
line automatically sets the slope scale. 

The weighting coefficient scale. The weighting coefficients, w, tabulated 
by Bliss (6), take into consideration the fact that responses are of greatest 
significance at probit 5 and that they progressively decrease in weight as they 
approach 0 or 100 per cent. The w values may be rapidly obtained with the 
aid oi a special scale constructed from table winch gives the ‘pro'tnt eorresptmd- 
ing to a given set of w values, and which is a transformation of Bliss’ table of 
weighting coefficients. To construct the scale, place a paper strip along the 
ordinate axis of the basic graph and mark off the w values at their proper probits. 
For example, the weight w == 0.637 is marked off at probit 5.00; the weight 
w = 0.4 is marked off at probits 3.89 and 6.11, since w = 0.4 at both of these 
probits, etc. (See figure 1.) 

To use the weighting scale, place it vertically on the basic graph parallel to 
the ordinate at the given dose (so that the point at which w = 0.637 falls on 
the probit 5 line), and read the w value directly from the scale at the point where 
it is intersected by the regression line. (See figure 1.) Multiply the w value 
by the number of animals receiving the dose in order to get the term vm. The 
wn value is obtained for each dose and all of the vm values are then added to- 
gether to obtain the sum S(ion). Approximate weights for 0 and 100 per cent 
responses may also be obtained in this way, although for greater exactness a 
special scale may be constructed from Bliss’ tables (6). 

The standard error of the log LD w . The following formula for the 
standard error of the log LD 60 may be greatly simplified if the experiment is 
well planned: 

: 1 / ~ (5 ~ y)' , 1~ 

b y b{S{wnxy) — yS(wnx)\ S{wn) 

Here b represents the slope, <S the summation symbol, w the weighting coefficient 
based upon the expected response in (probits) to a given dose, n the number of 
animals receiving the dose, x the log dose, y the corresponding probit and y 
the mean of all tlie probits. In a well designed experiment the entire fraction 

(5 - V? 

b{S{wnxy) - yS{snx )} 
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may be safely omitted, since under these conditions the percentage responses 
will be balanced above and below 50 per cent and the average of all the probits 
will approach 5; consequently the value of the fraction will approach zero. 
The formula then reduces to the comparatively simple form below which can 
readily be calculated with the aid of a weighting scale and a nomograph: • 

1 

S b\ZS(wn) 

The nomograph for the standard error of the LD E o- After having 
obtained the term S(wn), the standard error formula s = l/[b\/S{um)} may be 



rapidly solved by the nomograph shown in figure 2. To construct this nomo- 
graph, first lay off vertically a preliminary probit scale with equally spaced 
divisions, zero being at the upper edge of the paper. Mark off permanently 
the consecutive whole number values of S(wn) at the corresponding probit 
values as obtained from table 2, and then remove the preliminary scale. The 
resulting scale which no longe r has equally spaced divisions automatically 
converts S(vm) into l/VS(ton) giving the values in terms of probits. The 
probit values are next changed into useful log dose units by dmding by the 
slope. This is accomplished by means of the horizontal scale which is divided 
into log units. 

In order to make the nomograph more accurate, the divisions of the pre- 
liminary probit scale may be made several times larger (1. probit = 20 cm.) 
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than that of the basic chart. However, the horizontal log dose scale must also 
be made correspondingly larger so that the ratio between the length of probit 
units and log dose units is the same as that of the basic chart. 

To use this nomograph, place the horizontal scale parallel to the log-dose 
scale of the basic chart and allow the vertical scale to intersect the regression 
line at the S(iwi) value obtained previously. (See figure 2.) It will be found 
that the regression line null also intersect the log-dose scale and at this point 
the standard error, s, may be read directly in terms of logarithms. For practical 
purposes this figure may be converted into limits of error, by which term is 
meant the region within which the LD {0 may be reasonably expected to fall, 
i.e, about 21 out of 22 times. The following expressions give the limits as 
approximate percentages to be applied to the LD S0 value. 

Upper limit — 100antiiog2s 
Lower limit = 100 (1/antilog 2s) 

The simple nomograph of figure 3 converts the standard error into upper and 
lower limits directly. It was constructed by plotting whole numbers for the 
upper limits and reciprocals of numbers for the lower limits opposite one-half 
of their mantissa on the middle logarithmic scale. 

UPPER LIMIT 100 105 HO M5 120 125 130 135 140 

— J. i_s j.i.i i 4 ij.JLi .l uUij Juuiuiihmh. 1 . 

c , 

LOWER LIMIT 100 ' sfe' " 90 ' “i 5 ' ' 80' ''' ’ is ' ' '70 

Fig. 3. A Nomograph por Transforming the Standard Error into 
Limits op Error 

Biological assays. In biological assay work the potency of the substance 
being tested is customarily determined in terms of a standard. This involves 
the use of two regression lines, one for the standard and one for the material 
being tested, as well as values for the slope, b; the standard error, s; the weighted 
mean response y, and the weighted mean log dose, x. The methods for obtaining 
the slope and the standard error have been described. 

The weighted mean response or y. The weighted mean response, y, may 
be readily computed with the aid of a movable wy scale similar to the u scale. To 
construct the wy scale, place a paper strip along the probit axis of the basic graph 
and mark off the wy values of table 2 at their proper probits. 

_ kike the to scale, the wy scale is used by placing it vertically at the various 
given doses and so that the value for wy = 3.17 falls on the 50 per cent line. 
See figure 1. The wy value for the dose in question is then read from the point 
of intersection of the regression line with the wy scale. It is multiplied by n, 
the number of animals receiving the dose and all of the wny values are summed 
up to obtain the sum of the weighted responses, S{wny). From the following 
formula y, in probits, is easily obtained. 

- _ S(wny) 
v S{vm) 
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It occasionally happens that a zero or a one hundred per cent response is 
obtained. This case is discussed by Bliss (6) who gives a special set of probits 
to be used with this type of data. 

The wy scales for zero and one hundred per cent responses are constructed 
from the data given in table 2 in the same manner as the wy scale described 
above. 

In actual use, when a zero per cent response is obtained, the wy scale for 0% 
is erected at the dose given and, if it intersects the regression line, the appro- 
priate wy value is read from the point of intersection. The wy value obtained 
is multiplied by n and treated as above. When the response is one hundred 
per cent, the 100% wry scale is used. 



The weighted mean log dose or x. The dose corresponding to the point 
y on the regression line will be x. It may be read directly from the graph. 
(See figure 4.) 

The point whose coordinates are (x, y) is the most important point on the 
dose-response curve, since all of the data for the drug contribute toward fixing 
its position. 

The common slope or b c . It is commonly assumed that the behavior of the 
test animal will be the same toward both the standard and the unknown. There- 
fore, any difference in slope is to be ascribed to animal variation and a common 
slope, b c , may be calculated by averaging the two slope values. If, however, 
one curve happens to be much better established than the other, a better esti- 
mation of b c may be obtained by combining the weighted b values as follows: 
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, &,{<S(run) t j -f MS(twi) u ) 
bc ~ ' S(wn), + S{vm) u 

The subscripts s and u refer to the standard and the unknown respectively. 

Determination of M and calculation op the relative potency. Each 
regression line is then so adjusted that it passes through its respective ( x , y) 
point and so that the slope as read from the slope scale is equal to b e . The 
horizontal distance between the two, now parallel, regression lines is equal to 
M, the logarit hm of the ratio of the potencies. Reading along the probit 5 
line, M - log LD 60j - log LD 60u . The LD S0 values may be read directly from 
the basic chart. The antilog of M, multiplied by 100, gives the potency of the 
unknown as a percentage of the standard. 

The limits op error op the assay. The usual formula for the standard 
error of the difference between two means will give a good approximation of 
the standard error of M, unless the difference between the two mean responses, 
y, — iju, is great, in which case the approximation wall be too low. 

Sm = V^sT+si 

In this formula for the standard error of M, the values s, and s u are the respective 
standard errors of LD 60 for the standard and the unknown respectively. s. v 
which is a logarithm may be transformed into limits of error as shown below. 

Upper limit = 100 (antilog 2s , v ) 

Lower limit = 100 (1/antilog 2s 

All of these calculations may be performed with the nomograph of figure 5. 
To construct the nomograph, square consecutive values of the standard errors, 
i.e. 0.001, 0.002, 0.003 . . . 0.1. The squares are then located along arithmeti- 
cally spaced divisions (for example, 1 cm. = 0.000001) on the two outside lines 
of a set of three equidistant parallel lines. The number itself is then written 
opposite its square. Table 2 gives the lower and upper limits of error and these 
figures are laid off on the right and left hand sides of the middle line. For 
example, an upper limit figure of 120 falls on a line joining the two standard 
error figures of 0.028 on the two outside lines, 

T° use this nomograph, join the observed s, and s u values with a straight 
edge and read off the limits of error directly. This nomograph squares each 
standard error, adds the squares, takes the square root of the sum, multiplies 
by 2, takes the antilogarithm, multiplies it by 100 for the upper limits and finds 
its reciprocal and multiplies by 100 for the lower limits. 

Example or calculations. The detailed calculations presented in a paper 
J Miller, Bliss and Braun (10) on the use of the frog for the assay of digitalis 
present a good means of checking the various steps of the graphic calculations, 
raded doses of a digitalis preparation were injected into groups of 15 frogs by 
''° different routes and the number of fatalities was determined. In table 1 
a °' l ‘‘ 10 Rraphic calculations are recorded in bold faced type and the correspond* 
mg machine calculated figures, in parentheses, are placed to the right or below 
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for the sake of comparison. In this example the agreement is veiy good because 
the experimental data closely fit the two regression lines. (See table 1.) The 
limits of error are not given as such by Miller, Bliss and Braun, but may be 
easily calculated by substituting 0.0423, their value for the standard error of 
M, in the limits of error formulas given previously. 


tirlts of Error 

SE s aa £ S£q 

Lo*tr Upper 



Fro 5 A NosioaRAra for Computing the Limits of Error of an Assat 

The data of table 1 may be selected as an example of a situation which is 
frequently encountered during the investigation of new drugs. Here toxicity 
values and other pharmacological properties must be expressed on an absolute 
basis because of the lack of a suitable standard. In such cases it is usually 
sufficient to fix the dose-response curve by giving the LD 60 , or an analogous 
figure, and the slope. The precision is indicated by giving the limits of error. 

The “Intramuscular” data are plotted as in figure 1 It is unnecessary to 
consult tables of probits or logarithms since the basic giaph automatically 
converts percentage into probits and doses into their logarithms The dose- 
response curve, or regression line, is fitted by inspection, and the LD S0 , as read 
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from the point of its intersection with the probit S line, is seen to be 3.96. The 
intersection of the protractor scale with the probit 5 line shows the slope to be 
7.7. 

The limits of error of the assay are obtained by using the w scale and the 
standard error nomograph. In figure 1 it will be seen from the intersection of 
the io scale and the regression line that the w value for dose 3.55 is 0.6 which, 
when multiplied by 15, the total number of animals receiving this dose, gives a 
weight of 9.0. The weights for the other two points are found in similar fashion 
and added to obtain S(vm), i.e. 5.6 + 9.0 + 9.0 = 23.6 — S(wn). The right- 
angled, standard error, nomograph is placed as in figure 2, so that its vertical 


TABLE 1 


EXPERIMENTAL 

CALCULATIONS 

Injection Route 

Dose 

sa 

m 

Wf 

vmy 


cc./kgm. 


% 




(Unknown) 

Intramuscular 

2.82 

2/15 

13.3 

6.6 

22.0 

LD {0 = 4.01 


3.55 

5/15 

33.3 

9.0 

41.3 

log LD sa = 0.603 


4.47 

10/15 

14*1 

9.0 

48.4 

6 = 7.7 (7.8) 



mm 

I 

23.6 

111.7 

£ = 4.73 (4.73) 




1 

(24.0) 

(113.2) 

5 = 0.669 (0.563) 
s u = 0.0261 

(Standard) 
Lymph Sac 

5.62 

2/15 

EH 

6.0 

23.3 

LD50 = 8.34 



5/15 

| 33.3 

8.7 

39.0 

log LD S0 = 0.921 


8.91 

8/15 


9.5 

48.3 

6 = 6.2 (5.9) 





24.2 

110.6 

£=4.67 (4.60) 





(24.5) 

(112.7) 

x = 0.860 (0.863) 
s. = 0.032Q 


. 6.2 + 7.7 

h - — = 7.Q (6.S) 

M = 0.821 - 0.603 = 0.318 (0.319) 


Potency «• 100 antllog M = 208% (209%) 
Limits of error = 83-121% (82-121%) 


scale is parallel to the probit axis of the basic graph and so that 23.6, the value 
found above for S{vm) t falls on the point of intersection of the regression line 
with the S(wn) scale. The standard error, s, expressed in logarithms, is then 
read directly from the intersection of the regression line with the horizontal 
scale. In figure 2 it will be seen to be 0.0261. This is transformed into limits 
of error with the aid of the scale of figure 3 or by substituting in the simple 
formulas previously given, i.e.: 


Upper limit = 100 {antilog(2 X 0.0261)} = 113% 
Lower limit = 100/antilog (2X0.261) = 89% 


It will be observed that, on the basis of chance alone, the LD S0 may be expected 
to fall anywhere withm the limits of 89 to 113 per cent of the value obtained. 
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The data of the table may also be used as an illustration of the type of bioassay 
in which the potency of a substance is determined in terms of a suitable standard. 
In this case the intramuscular data will serve as the unknown. The data are 
plotted as before and S(wn) and the slope are recorded. Next, with the aid of 
the wy scale, the weighted response is found for each dose. In figure 1, it wjll 
be seen that when the wy scale is erected at the dose of 4.47, the intersection of 
the regression line with the scale gives a figure of 3.23 which, when multiplied 
by 15, the number of animals receiving the dose, gives a weighted probit of 48.4. 
The weighted probits for the other two points are found in similar fashion and 
added to obtain S(wny), i.e., 22.0 + 41.3 + 48.4 = 111.7. When S(vmy) is 
divided by S(wn), the mean weighted response, y, is obtained or y — 111.7 -5- 
23.6 = 4.73. The average log dose, x, corresponding to the average weighted 
response as read directly from the graph is found to be 0.559. In the same 
manner y, x, and the slope are found to be 4.57, 0.860 and 6.2 respectively, for 
the standard or lymph sac injection data. The two slope values when averaged 
together give 7.0 for b c . 

Next the regression line is adjusted so that its slope is equal to 7.0 and so 
that it passes through the point, ( x , y), whose coordinates are 0.860 and 4.57, 
and the log LD 60 for the lymph sac data is found to be 0.921. ! In s imil ar fashion 
the log LDto for*the intramuscular data is seen to be 0.603. The potency of the 
"unknown” (intramuscular data) in terms of the standard (lymph sac data) 
is the antilog of the difference between these two figures. As table 1 shows, 
the potency is 208%. See figure 4. 

The limits of error of this value were obtained by setting the regression line 
so that its slope was 7.0, the value for b c , and using the standard error nomograph 
as previously described. The two standard error figures were then found to 
be s, = 0.0261 and s„ = 0.0320. These two figures were applied to the limits 
of error nomograph as in figure 5, and the limits of error were read directly as 
83-121%. 


SUMMARY 

1. - The LD 6 o, slope and error of dose-response curves for the all-or-none type 
of data may be rapidly calculated with the aid of a series of scales and 
nomographs. 

2. The potency and its associated error for^ assays involving data of the 
all-or-none type may also be calculated with these scales. 

3. The construction of the scales and nomographs is described and their use 
is illustrated by an example. 3 

■ It will be observed thnt the LD,o corresponding to the antilog of 0 921 when obtained 
in this fashion may be slightly different than when the_intramuscular data is considered 
alone, since the regression Line passes through the point xy in each case, while the common 
slope, 7.0 is somewhat different from the slope of 7.7 for the intramuscular data when used 
alone. 

3 A limited number of full size sets of these scales and nomographs are available for dis- 
tribution. 
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In the previous publication (1) it was shown that benzimidazole-2-thiol is 
approximately eight times more active as an antithyroid agent in the rat than 
phenylthiourea, ring closure apparently inducing the enhanced effect. 


0 — NH 

>C=S 

NH, 

Phenylthiourea 

(14) 



Benzimidazole-2-thiol (keto form) 
(116) 


Furthermore the data demonstrated that benzimidazole-2-thiol having an 
activity of -116 was somewhat more potent than thiouracil which was assigned 
an activity of 100. It was desirable, therefore, to investigate derivatives and 
some isologs of benzimidazole-2-thiol, in order to establish the effect of sub- 
stitution upon its activity. For this purpose several new benzimidazole-2- 
thiols were synthesized and tested for antithyroid activity by the method pre- 
viously described (1). A number of 2-amino-benzimidazoles were included 
in this study to establish the effect of removing the mercapto group from the 
molecule. 

The above relationship between phenylthiourea and beDzimidazole-2-thiol 
suggested that similar relationships in the aliphatic substituted thioureas should 
also be investigated. For example, cyclization of ethyl thiourea would lead to 
2-imidazoline-2-thiol : 


CH, 


-NH 


=C=S 


CH, NH, 
Ethvlthiourea 
(35) 


CH, NH 

I >C=S 

CH, NH 

2-Imidazoline-2-thiol (keto form) 
(63) 


Therefore 2-imidazoline-2-thiol was tested to determine whether cyclization 
in this case also led to increased activity. The experimental results show that 
such was indeed the case. 


Chemistry . The benzimidazole-2- thiols described in table 1 were prepared by two 
methods: (A) by fusing the appropriate o-phenylene diamine, or its dihydrochloride, and 
thiourea until evolution of gas ceased (2) and (B) by refluxing the o-phenylene diamine 
with carbon disulfide in alcoholic sodium or potassium hydroxide solution for several hours. 
This procedure is essentially that of Fischer (3) except that alkali was used in the reaction. 

14 
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TABLE I 

Benzimidazole-2-thiols 

* 


H 

N 


R 



% 

METHOD l 

% YIELD 

MJ.’ 

ANALYSIS % Nf 

Calc. 

Found 




°c. 



m 

A 

67.4 

309-310 

18.65 

18.74 


B 

84.0 

312-313 


18.58 

1-Methyl 

A 

15.2 

200.0-200.5 

17.06 

17.39 






17.41 

1-n-Butyl 

A 

7.2 

100-101 

13.71 

13.69 

5 (6) -Methyl 

A 

20.0 

>295 (dec.)§ 

17.06 

17.24 






17.10 

5(6)-Methoxy j 

A 

25.2 

261-263 

15.54 

15.31 


B 

67.6 

261 


15.33 

5 (6) -Ethoxy 

A 

22.0 

251-252 

14.42 

14.46 






14.56 

5(6)-Chloro 

A 

48.0 

295-297 f 

15.20 

15.35 






15.35 

5(6)-Bromo 

B 

23.0 

300-301 

12.67 

12.58 






12.58 

5(G)»Iodo 

B 

28.6 

361 (dec.) 

9.87 

9.77 




(soft. 20S) 


9.82 

Benzo [g] 

B 

35.3 

290 (dec.)}] 

13.99 

13.60 






13.68 


* Uncorrcctcd tor stem emergence. 

t Analyses by the micro-analytic section, Parke, Davis and Company. 

% Lellman (4) who prepared this compound by heating o-phenylene di-(thiocarbamide) 
at 120-130'’, reports m.p. 290 and an 80% yield. Billeter and Steiner (4) gives the m.p. aa 
29S” when the thiol is prepared from o-phcnylenediamine and thiophosgene and crystallized 
from alcohol. 


5 Lellman (4) found m.p. 284°; Billeter and Steiner (7), m.p. 285. 

^ Fischer and Limmcr (8), m.p. 270°. 

SI From 1 ,2-dinminonaphthalene. Ref, 9, gives the m.p. as above 300° 
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Imidazoles and Benzimidazoles 
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Method A was used in those cases in which it was desirable to isolate the intermediate 
diamine for other purposes. The diamines were prepared by reduction of the corresponding 
nitroaniline. This method required less manipulation than the procedure described by 
Lellman (4). In .those instances in which it waB not desirable to isolate the notoriously 
unstable o-phenylenediamines, Method B was employed. The yields reported for the 
second method are therefore based on the substituted o-nitroaniline used as startingmatc- 
rial. For example, 5(6)-iodo-benzimidazoIe-2-thio] was prepared from 4-iodo-2-nitro- 
nniline (5) . The latter (32.5 gm.) was reduced in 400 ml . of absolute alcohol with hydrogen 
under 50 pounds pressure using platinum oxide catalyst. After the reduction was com- 
pleted, the catalyst was removed by filtration and the resulting solution of 4-iodo-2-amino- 
aniline was refluxed for 18 hours with 30 ml. of carbon disulfide and sufficient 50% sodium 
hydroxide solution to make it strongly basic (Hydrion paper) . The reaction mixture was 
evaporated to dryness on the steam bath and the residue treated with 300 ml. of water. 
The pH of the resulting mixture was adjusted to 10-11 and the insoluble material removed 
by filtration. Acidification of the filtrate with concentrated hydrochloric acid yielded a 
light tan product which was collected and purified by dissolving it in alcohol, decolorizing 
with charcoal and precipitating it from the hot solution wifh water. The process was re- 
peated using isopropyl alcohol but two precipitations from aqueous alkali using carbon 
dioxide as the neutralizing agent, were required to obtain a light yellow product. The 
yield was 9.7 grams or 2S.6% of theory. Some loss undoubtedly results from the long puri- 
fication procedure which was believed necessary to remove undesirable colored by-products. 
The benzimidnzole-2-thiols are all soluble in diluted sodium hydroxide solution. Iodine 
T.S.-TJ.S.P. is decolorized by an alkaline solution ol benzimidazole-2-thiol. 

The synthesis of the 2-amino- and 2-guanidobenzimidazoles described in table 1 will be 
the subject of another communication. The 4-methoxy-benzothiazole-2-thiol and the 
2-imidazoline-2-thiol were supplied by the Eastman Kodak Company and the other imidazo- 
lines with the exception of S-(p-t-octylphenoxyethoxyethy])-2-imidazoline-2-thiol hydro- 
chloride were obtained from Carbide and Carbon Chemicals Corporation. The phenoxy- 
ethoxyethyl derivative was prepared by Dr. George Rieveschl. The benzothiazole-2-thiol 
and 6-chloro-benzothiazole-2-thiol were secured from Dow Chemical Company. The 4,5- 
diphenylimidazole was prepared by the method of Pinner (6). 

Results. Experimental details and the method used to estimate antithyroid 
activity are described in the previous publication (1). Table 2 contains the 
essential information from which these calculations were made. 

Imidazole Derivatives. It may be observed from table 2 that 2-imidazoline-2- 
thiol with an activity of 63 has approximately twice the antithyroid potency 
of ethylthiourea which has a value of 35 (1). However, it is definitely more 
toxic than ethylthiourea as judged by the average daily weight gain during he 
10 day test period. These data show that ring closure as in the case of phenyl- 
thiourea, results in enhanced goitrogenic activity at least within the dose range 
below toxic levels. It should be pointed out that phenylthiourea appeared to 
be more toxic than benzimidazole-2-thiol whereas the reverse was the case with 
ethylthiourea and 2-imidazoline-2-thiol. 

C-Tetrametliylation of 2-imidazoline-2-thiol resulted in marked loss of activity 
as was also the case when one nitrogen was substituted by an a-methylbenzyl 
group. Only one compound with a substituent on the sulfur atom was included 
in this group. Although the p-t-octyl-phenoxyetlioxyethyl radical imparted 
great surface activitj' to the parent compound, the antithyroid properties of 
the latter were almost lost. It was concluded on the basis of these findings 
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that substitution resulted in decreased activity, consequently no other deriv- 
atives were studied, particularly in view of the activity found in thiazoline-2- 
thiol (1). The comparative effectiveness of these isologs will be discussed in 
another communication which will disclose the activity of several thiazolines 
tested during the course of this study. 

Benzimidazoles . Substitution of chlorine, bromine or iodine in the 5-position 
of benzimidazole-2-thiol resulted in decreased antithyroid activity without 



AVERAGE DAILY DOSE -MGH. PER KG. BODY WEIGHT 

Fig. 1 


effecting relative toxicity of the parent compound. It will be noted that the 
activity decreased by half with each substitution in the order: benzimidazole- 
2-thiol, 5(0)-chloro-, 5(G)-bromo-, 5(6)-iodo-benzimidazole-2-thiol. It was our 
intention to introduce radioactive iodine into the molecule had the activity of 
the iodo derivative warranted an extensive study of tissue distribution and 
excretion. However, this study was not justified on the basis of the observed 
activity. The dose-response curves for these four compounds and for thiouracil 
arc shown m figure 1. The similarity of slopes of these lines, as plotted on 




22 


W. G. BYWATER, D. A. MCGINTY AND N. D. JENESEL 


semi-logarithmic paper to those described in our first paper, emphasizes our 
conclusions that, in general, dose-response gradients of compounds studied 
fall into a definite pattern. 

Introduction of alkoxyl and alkyl groups into the benzenoid ring of benzimi- 
dazole-2-thiol alsoreduced theactivity. Alkylationin the 1-position decreased the 
effectiveness as did substitution of an — NH» group for the — SH group. Moreover, 
the many derivatives of 2-amino-benzimidazole were devoid of activity. Re- 
placement of one N atom in benzimidazole-2-tbiol by sulfur led to diminished 
activity as shown by the tests with benzothiazole-2-thiol and its two derivatives. 
Benzimidazole and 4,5-diphenylbenzimidazole are inactive. 

In view of the above results and the pronounced antithyroid properties of 
benzimidazole-2-thiol in the rat, this compound is recommended for further 
study in other animal species. 


SUMMARY 

Twenty-six compounds belonging to the imidazole or benzimidazole groups 
have been tested for antithyroid activity. All of these are less active than 
benzimidazole-2-thiol. Certain relationships between chemical structure and 
antithyroid activity have been investigated and are discussed in the light of 
experimental data obtained. 
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Of all the actions of penicillin perhaps the most surprising is that against 
spirochetes. If nothing else penicillin has conclusively demonstrated that 
potent spirochetieidal substances need not contain a heavy metal. Moreover 
it is unlikely that penicillin is the only nonmetallic compound which will show 
such action. Therefore there is need for a procedure whereby a large number of 
compounds can be screened for spirochetieidal activity. Although syphilis 
is the most important spuochetal disease, it does not lend itself well to such a 
program, because of the size of the host and prolonged course of the experi- 
mental disease In as far as is known most agents affecting one type of spiro- 
chete have some action on others. For this reason we have carried out studies 
to see if B. novyi (1, 2) 1 infections in mice might be used for a rapid screening 
test This organism was selected because it has been carried in mice for a 
considerable period of tune, and is known to produce a virulent disease which 
we believed could be easily standardized. It is supposed that this organism is 
the same as causes one type of relapsing fever in .man. 

In most instances previous experiments on relapsing fever have been carried 
out in such a manner that it has been impossible to draw conclusions as to the 
quantitative action of penicillin. It seemed important to obtain certain basic 
information on the course of untreated B. novyi infections in white mice before 
proceeding to the actual chemotherapy experiments. 

Methods White mice of 17 to 24 grams were used throughout All inoculations were 
made intrapcntoncally w ith appropriate dilutions of blood obtained by cardiac puncture 
from unancsthetucd donor mice Submoculation was carried out at two day intervals. 

In most animals the course of the infection was followed by the study of “thin film” 
blood smears stained with Giemsa stain according to the standard method. On occasion 
dark field and "thick film” studies were also made Thin film smears were selected for 
routine work because these permitted actual enumeration of parasites and made possible 
the handling of larger groups of mice In heavy, or moderately heavy infections red cells 
and sptrochetes w ere counted until at least 50 organisms had been seen In light infections 
parasites were counted by fields until a total of 10,000 red cells had been observed or until 
50 organisms had been seen AH counts were expressed as number of parasites per 10 000 
red cells ' 


1 We wish to thank Dr. Q. M. Gciman of Harvard Medical School for suppljinc us with 
is omanism 0 
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All inoculations were made between 10 A.M. and 12 M., and blood films were taken at 
this same time each day. 

Hemoglobin concentration was determined by the standard technique of converting 
hemoglobin to alkaline hematin and determining the intensity of the color with a photo- 
electric colorimeter. 

The course of untreated infections. It was immediately evident that 
the dose of parasites administered had a considerable affect on the course 
of untreated infections. A number of experiments were carried out to de- 
termine the dose of parasites producing the most suitable infection for chemo- 


TABLE 1 

Course of untreated B. novyi infections in white mice. Effect of variations in number of 
parasites in the inoculating dose 
Ten mice used at each dosage level 


INOCVEAT1NC DOSE — PAEASITTS PZE L'lIO 



1 X 10“ ‘ 

l X 10» I 

1 X 10> 

| 1 X 10’ 

Mean parasite count per 10,000 red cells 

0* 

3 ±1.0 

i i 



1 

878 ±227 

101 ±64 

1.6 ±0.6 J 

1 

2 

8,146 ±1533 

1,430 ±393 

215 ±56 

3.5 ±1.2 

3 

7,894 ±1261 

5,197 ±765 

1481 ±362 

395 ±57 

4 

1,55G ±1027 

3,010 ±1132 

1644 ±903 

248 ±203 

5 1 

<1 

<1 

<1 

<1 

6 

<1 

<1 

<1 

<1 

Hemoglobin concentration — grams per cent 

i 

16.6 ±0.59 

16.8 ±0.35 

16.4 ±0.54 

16.3 ±0.43 

2 

10.7 ±0.55 

11.6 ±0.33 

11.0 ±0.44 

11.6 ±0.26 

3 

10.2 ±0.65 

9.7 ±0.47 

11.4 ±0.42 

12.8 ±0.43 

4 

7.4 

7.7 ±0.50 

9.6 ±0 41 

10.7 ±0.64 

5 


9.1 ±0.53 

10.6 ±0 50 

12.1 ±0.48 

7 

) 

12.4 ±0.63 

12 9 ±0.58 

13.5 ±0.58 

9 


12 3 ±0.48 

12.8 ±0.67 

13 0 ±0.66 

Deaths in 14 days 

7/10 

2/10 

1/10 

0/10 


* Slides on 0 Day taken 6 hrs. after inoculation. 


therapeutic studies. The results of one such experiment are presented in 
tabic 1. Forty mice were divided into groups of 10, and inoculated intra- 
peritoneally with pooled blood from the same donor mice, with dose ranging 
from 1 X 10 7 to 1 X 10 10 parasites per kilo. Regardless of the number of organ- 
isms inoculated, the acute phase of the disease, (as judged by parasites in the 
peripheral blood) lasted four days. The peak of parasitemia being reached on 
the 2nd and 3rd day. By the 5th day spirochetes could no longer be found 
- in thin smears, regardless of parasite dosage. Variations in size of inoculum 
affected only the peak of parasitemia and survival of the animals. Injection 
of 1 X 10 10 spirochetes per ldlo produced an infection in which there was about 
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one organism for each red cell at the peak of parasitemia, and approximately 
70 per cent of the mice died. Injection of 1 X 10 7 spirochetes per kilo ordin- 
arily killed no animals and produced a peak of parasitemia which was about 
fa that of the larger inoculum. 

The degree of anemia produced by B. novyi infections in mice was also re- 
lated to the number of organisms inoculated, and was roughly proportional 
to the number of organisms seen in the peripheral blood. The decrease in 
hemoglobin followed the parasite curve by about 24 hours, and was most marked 
on the 4th day. From a standpoint of parasite enumeration this was fortunate 
as it meant that the determination of ratio of spirochetes to red cells up to the 
peak of parasitemia was a fairly accurate indication of the total number of 
organisms present in the peripheral blood. 

It was apparent from a number of experiments such as presented in table 1 
that inoculation with 1 X 10'° organisms per kilo gave the most suitable infection 
for chemotherapeutic experiments. This dosage of parasites produced a high 
percentage of deaths and the course of the infection was constant enough to 
permit a quantitative evaluation of chemotherapeutic agents. 

In each experiment described later in this paper we included a group of at 
least 5 mice which served as untreated controls. In all instances these received 
the so-called standard inoculation of 1 X 10 10 organisms per kilo. A statistical 
analysis of the results obtained in 100 such untreated mice permitted a base 
line from which the effect of drugs upon the infection could be evaluated. Par- 
asite counts were made routinely on the 2nd and 3rd day after inoculation. 
Since this infection is characterized by a sharp peak we selected the highest 
count observed and used this as a criterion of degree of infection in each mouse. 
Thus in the 100 mice used in 20 experiments, conducted at approximately weekly 
intervals, the mean of the highest parasite counts was 11,705 organisms per 
10,000 red cells. This mean had a standard error of ±369. Figure 1-A gives 
the distribution of parasite peaks in these 100 mice and it is to be noted that 
they are normally distributed around the mean. 

Sixty three per cent of the animals had their highest parasite count on the 
second day after inoculation whereas, 37% had their peak on the third day. 
In this group of untreated controls 70.0% died within two weeks after inoculation, 
the distribution of day of these deaths is indicated in figure 1-B from which it is 
observed that roughly 80% of those animals which died, did so before the seventh 
day. 

The effect of chemotherapeutic agents upon standardized infections. 
Lourie & Collier (3) were probably the first to demonstrate the effect of penicillin 
on spirochetes. These observations have been confirmed by a number of investi- 
gators (4, 5, 6, 7) using a variety of species of parasites. With the exception 
of the work by Eagle and Magnuson (5) little attempt has been made to stand- 
ardize the infection or to administer drugs in such a way as to permit a quanti- 
tative assay of the action of penicillin. 

Most investigators have postponed treatment for at least 24 hours or until 
heavy infection has been established. Since the acute phase of relapsing fever 
runs a relatively short course it is difficult to differentiate between a drug effect 



I 2 3 4 5 8 7 8 9 10 II 12 13 14 15 

DAYS AFTER INOCULATION ON 
WHICH DEATHS OCCURRED 
B 

Fig. 1. CouB3E of Untreated B. Novn Infections in 100 White Mice 
I noculated intraperitoneally irith 1 X 10“ spirochetes per kilo. 






PENICILLIN AND BICHLORPHENABSINE HC1 


27 


and spontaneous remission, if one delays treatment too long. We designed 
our experiments so as to obtain the greatest possible difference between untreated 
controls and successfully treated animals. For this reason therapy was in- 
stituted as soon as possible. In the case of parenteral administration this was 
within 1 hr. after inoculation. Where drug has been administered in the diet, 
treatment was started 18 hrs. prior to inoculation. In a sense our experiments 
might best be described as suppressive rather than therapeutic. 

Five samples of penicillin were compared for their spirocheticidal activity: 5 

Sample No. 1. Crystalline sodium penicillin G assaying 1650 Oxford 
units per milligram. Since this was the only pure sample except for the methyl 
ester available to us it was used as a standard of reference. 

Sample No. 2. Commercial sodium penicillin Squibb (lot no. 32931), assay- 
ing 913 Oxford units per milligram. It was probably a mixture of Penicillin G 
and other penicillins, including some F. 

Sample No. S. Pilot plant lot no. 860, which assayed 810 Oxford units 
per milligram. The exact composition of this sample was uncertain 
except that it contained almost no penicillin G. 

Sample No. Commercial calcium penicillin Squibb (lot no. 3312-1) 
containing 927 units per milligram. Probably a mixture of G and other peni- 
cillins. 

Sample No. 6. Methyl ester of Penioillin G prepared from sample No. 1. 
By in vilro tests this material had an activity of 20-40 units per mgm. Dosage 
of this sample was calculated on the basis of units it would have had if it had 
been quantitatively hydrolyzed in the body to a dissociable salt of free peni- 
cillin G. 


These samples of penicillin and dichlorphenarsine hydrochloride were compared 
for their activity against B. novyi in three types of experiments, differentiated 
only by method of treatment. 

1) Frequent Subcutaneous Injections: Treatment was started immediately 
after inoculation. The total daily dose was split up into 5 doses & adminis- 
tered at 4 hour intervals (actual injection schedule 7 A.M., 11 A.M., 3 P.M., 
7 P.M., 11 P.M.). If ater solutions of drugs were used except in the case of the 
water insoluble methyl ester which was suspended in 2.5% starch. Each 
injection was made subcutaneously on the back, in a volume of 0.2 cc. for 
a 20 gram mouse. Treatment was continued for a total of 9 doses. 

2) Single Daily Injections: The purpose of these experiments was to 
detect any possible differences in rate of excretion of the various types of 
penicillin. Treatment was carried out as described above except that the 
entire daily dose was given within 1 hr. after inoculation and repeated 24 
hrs. later. 

3) Drug-Diet: The drug was mixed with powdered Purina Dog Chow 
in n flour mill, am! given to the experimental groups IS hrs. before inoculation. 


* Samples 1,3, ami 5 were kindly supplied by Dr. O. Wintcrsteiner and Dr. M. Adler of 
the Division of Organic Chemistry of the Squibb Institute. 
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TABLE 2 


Protocol of Experimental Series No. £9, March 6, 1945. Comparison of commercial sodium 
penicillin and calcium penicillin, administered subcutaneously every four hours 


MOUSE NO 

TOTAL DAILY DOSE 

SPIROCHETE COUNTS PER 10,000 

RFn CELLS 

HIGHEST PARASITE 1 
COUNT PER CENT 

DAY Or DEATH 

TO M DA\S 



2nd. Day j 3rd Day 

TROLS 



Commercial calcium penicillin 



units $>er kilo 



1 

1 

1560 

3,470 

11,600 

mmm 

2 

1560 

4,620 

13,100 


3 

1560 

3,850 

10,500 

mi 

4 

1560 

752 

13 

6.90 

5 

1560 

3,170 

10,700 

98.50 

1 

wmm 

6,000 

9,730 

89,50 

2 


0 

2 

0.02 

3 

3125 

1,640 

784 

15.10 

4 

3125 

4,390 

3,570 

40.40 

S 

3125 

1,750 

4,730 

43.50 

1 

6250 

1,000 

2,860 

26.30 

2 

6250 

106 

100 

1.00 

3 

6250 

130 

5 

1.20 

4 

6250 

295 

24 

2.70 

5 

6250 

5 

0 

0.05 

1 

12,500 

3 

0 

0 03 

2 

12,500 

15 

0 

0 14 

3 

12,500 

1 

0 

0 01 

4 

12,500 

0 

0 

0 00 

5 

12,500 

0 

0 

0.00 

Commercial sodium penicillin 

1 

1560 

2,2 30 

12,400 

114.00 

2 

1560 

2,750 

6 

25.20 

3 

1560 

6,240 

11,700 

107. CO 

4 

1560 

5,980 

12,800 

117 80 

5 

1560 

7,400 

14,800 

135 00 

1 

3125 

2,500 

13,300 

121 SO 

2 


1,490 

1,9S0 

18.10 

3 


530 

12 

4 85 

4 


1,530 

449 

14.00 

5 

3125 

400 

3,260 

29.80 

1 

6250 

952 

1,090 

10.00 

2 

6250 

20 

1 

0.18 

3 

6250 

583 

1,970 

18.10 

4 

6250 

1,800 

1,700 

16 50 

S 

6250 

1,260 

1,430 

13 20 
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TABLE 2— Concluded 


TOTAL DAILY DOSE 

SPIROCHETE COUNTS PER 10,000 

SXX> CELLS 

HIGHEST PARASITE 
COUNT PER CENT 
UNTREATED CON- 

DAY OT DEATH 
TO 14 DAYS 


2nd. Bay j 3rd. Bay 

TR0L5 



Commercial sodium penicillin — Continued 


1 

2 

3 

4 

5 

, H 

B:| ' B 

0 

0 

0 

69 

1 

1 

0 

0 

2 

0.01 

0.01 

0.00 

0.03 

0.69 


Untreated controls 

1 


10,200 

9,720 

Mean of 

6 

2 


10,600 

6,610 

highest 


3 


13,300 

6,260 

counts 


4 


10,900 

6,070 

10,886 = 


5 


9,430 

2,030 

100% 

7 


Mice, usually in groups of five were placed in a cage and supplied with a 
common food cup, from which an excess supply of drug-diet was available. IS! o 
attempt was made to determine the drug intake of individual mice; rather 
the average for the entire group was calculated. Treatment was continued 
for 4 days. Calcium penicillin diets prepared in this way were stable for at 
least 3 weeks without loss of potency. 

Because of the conditions under which the experiments were carried out, the 
maximum number of animals which could be studied at one time was approxi- 
mately 40. This permitted the comparison of only two preparations at any 
one time. Ideally the standard of reference crystalline penicillin G, should 
have been used in each series of tests. Limitations on the supply of this prepara- 
tion prevented such a procedure. For a final comparison of the activity of 
the various preparations it was therefore necessary to combine the results of 
a number of experiments carried out over a period of several months. 

1 able 2 gives the protocol of a typical experiment in which two preparations 
of penicillin were compared. Ordinarily four doses of each preparation were 
used, each being administered to a group of at least 5 mice. Parasite counts 
were made on the second and third day after inoculation, and the highest taken 
as a criterion of the intensity of infection produced. Since there was some 
variation m virulence of the parasite from week to week, counts were expressed 
ns a per cent of the mean peak of parasitemia observed in untreated controls, 
buch a calculation made the results obtained from experiment to experiment 
more nearly comparable. 

Table 3 presents a composite summary of all the comparative experiments 
m which the various preparations were administered at four hour intervals. 
; s can bc ?ccn from flKurc 2 there is a straight line relationship between dosage- 
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TABLE 3 


Comparison of various penicillin preparations and dichlorphcnarsine hydrochloride on 
B. novyi infections treated every four hours 5 times daily for S days 


TOTAL DAILY DOSE 

JfO. MICE 

AVEEACE PARASITE PEAE. 
PEE CJLNT OP 
IJNTEEATED COKTBOLS 

HOETALITY Df ' 
14 DAYS 

AVEKACE DAY 

Or DEATH 

Crystalline sodium penicillin G 

Ufttls Per kilo f day 

1560 (0.97 mgm.) 

34 

70.3 ± 7.9 

7/34 

4.5 

3125 (1.94 mgm.) 

35 

51.0 ± 6.0 

15/35 i 

6.5 

6250 (3.87 mgm.) 

33 

24.2 ± 5.0 

3/33 


12,500 (4.75 mgm.) 

34 

6.2 ± 2.5 

1/34 


25,000 (15.0 mgm.) i 

10 

<0.01 

0/10 


Pilot Plant Lot 860 

1560 

10 

65.0 ±11.8 

3/10 

4.2 

3125 

10 

46.2 ± 8.0 

2/10 

11.0 

6250 

10 

29.4 ±10.4 

2/10 

6.0 

12,500 

9 

16.2 ± 8.1 

1/9 j 


25,000 

10 

<0.01 

0/9 



Commercial sodium penicillin 


1560 

19 

65.9 ± 8.0 

7/19 

6.8 

3125 

15 

32.7 ± 7.5 

6/24 

6.5 

6250 

23 

4.1 ± 1.2 

3/23 

8.0 

12,600 

25 

0.61 ± 0.07 

0/25 


25,000 

20 

<0.01 

0/20 



Commercial calcium penicillin 


1660 

3125 

6250 

12,600 

25,000 

10 

15 

15 

15 

5 

1 79.5 ±17.8 

63.5 ± 5.1 

30.8 ±10.0 

8.1 ± 3.8 

0.02 

4/10 

1/15 

0/15 

0/15 

0/5 

8.0 

Dichlorphenarsine hydrochloride 

0.62 mgm ./kg. 

mm 

73.0 ± 8.2 

7/10 

5.1 

1.25 mgm./kg. 


75.3 ± 4.5 

7/10 

5.5 

2.5 mgm./kg. 

■IS 

37.7 ± 8.7 

1/9 


5.0 mgm./kg. 

■9 

3.7 ± 2.9 

0/15 


Methyl ester of penicillin G 

1560 

25 

72.8 ± 7.2 

| 11/25 

7.1 

3125 

25 

49.2 ± 7.2 

■ • 

5.6 

6250 

23 

33.7 ± 6.5 

. 

5.8 

12,500 

30 

16.4 ±45 

■ 

9.7 

25,000 

10 

<0.01 

| 0/10 | 
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response, if dosage is plotted logarithmically and parasite counts are plotted 
arithmetically. An estimated ED 50 can then be read off the curve. The ED ra 
for each preparation thus determined is presented in the 3rd column of table 6. 

The question immediately arises as to the error of the ED 50 thus determined, 
and more especially whether the differences between the various penicillin 
preparations were significant. Since there is a question of whether experimen- 
tal data of this kind can be treated in the same way as data of the all-or-none 
type, we did not attempt an elaborate statistical analysis of it. However, in 
order to obtain some estimate of the error involved, the dosage-response curve 
of crystalline sodium penicillin G has been drawn in Figure 2' with one standard 
error on either side of the mean. The enclosed area has been cross hatched and 
represents the area within which one might expect the dosage-response curve 
of the standard drug to fall 2 out of 3 times. From such a graphic representa- 
tion it can be estimated that the ED i0 of crystalline sodium penicillin G might 
vary from 2300 to 3900 units per kilo, hence it is obvious that differences between 
the estimated ED M ’s of the penicillin preparations are not highly significant. 

Such a conclusion is further strengthened if one refers to table 2 in which the 
commercial sodium salt of penicillin was compared to the commercial calcium 
salt. In the final estimation of the ED 60 these two preparations differed most 
widely. However when these two preparations were used in the same experiment 
as shown in table 2, no difference in activity can be detected. 

As crystalline sodium penicillin G was the only chemically pure penicillin 
salt used, it was the only one in which dosage could be expressed in units of 
weight. It was therefore the only one with which dichlorpbenarsine hydro- 
chloride could be compared. Inspection of the data in table 3 and a graphic 
estimation of the ED 50 indicates that milligram for milligram dichlorphenarsine 
hydrochloride has about the same activity as pure sodium penicillin G. 

Table 4 presents composite data of experiments in which the effect of 3 samples 
of penicillin and dichlorphenarsine hydrochloride on the standardized infection 
were compared by the method of single daily dose treatment. Plotting this 
data on semi-logarithmic paper as described above permitted an estimation of 
the EDto for each preparation. These were tabulated in the 4th column of 
table C. When penicillin is administered in this way, approximately 4 times 
as much drug is required to produce an effect as when it is administered by re- 
peated injections at 4 hour intervals. Due to the smaller number of mice used 
in the single daily dose experiments, it is more difficult to compare the activity 
of compounds. However it is doubtful if the 3 preparations of penicillin stud- 
ied, differed quantitatively. 

A comparison of the activity of four samples of penicillin administered in the 
diet is presented in table 5. Estimations of ED S0 from this data is given in 
the 2nd column of table G. It is of interest that therapeutic effects can be 
obtained by the drug-diet method with amounts of penicillin which are only 
3-4 times that required when the drug is administered by means of frequent 
subcutaneous injections. Similar observations have been made by Libby (8) 
in the treatment of bacterial infections in mice. As in the case of the previous 
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two types of experiments no difference in activity between the various salts 
of penicillin was noted. 

The methyl ester of Penicillin G represents a special case. Impure prepa- 
rations reported to be esters of penicillin were first studied by Hobby & Meyers 
(9) who concluded they were more active by mouth than the corresponding 

TABLE 4 

Comparison of effect of carious penicillin preparations and diehlorphenarsine hydrochloride 

on B. novyi infections 


Treatment 1 dose daily 



I I 

AVERAGE 7AXASITE PEAK j 

3XOZTALITY IV 

: 

AVEKACE day of 

DAILY D05E 

NO incx 


14 DMS 

DEATH 

i 


•CVT SEATED COSTS OLS 



Crystalline sodium penicillin G 


antis per kilof day 

12,500 (7 75 mgm.) 

5 

30 3 ±88 

1/5 

25,000 (15 5 mgm.) 

5 

8 6 ± 4 7 

0/5 

50,000 (31 0 mgm ) 

5 

15 ±08 

0/5 


4 


0/5 


Commercial sodium penicillin 


6,250 

5 

74 1 ± 6.2 

1/5 


12,600 

15 

69 2 ±12 7 

3/15 

5.1 


10 


IKm 



10 





10 


0/5 



Pilot Plant Lot 860 


12,600 

25.000 

60.000 

100,000 

5 

5 

6 

5 

87.0 ± 9.9 

4.1 ± 1.4 

13.3 ±11 8 
<0 01 

2/5 

0/5 

0/5 

0/5 

5.0 

Diehlorphenarsine hydrochloride 

1 25 

■Mii: 

60 0 ±13 6 

I 1/5 


2 6 

K 

67 0 ±10 7 



50 


12 8 ±11 7 



10 0 

mum 

<0 01 

j 0/5 



freely dissociable salts. Although our experiments show the methyl ester to 
be about as acthe as the salts when it was administered parenterally, it was 
certainly less than as active when administered by drug-diet. 

Discussion. The experiments reported are not intended to answer the 
question as to ability of penicillin, or diehlorphenarsine to sterilize animals 
infected with B. novyi. As a matter of fact we have been unable to reinfect 
any of our animals in spite of treatment with the largest doses of penicillin 
described above. This is ordinarily taken as presumptive evidence that no 
cures had been effected. 
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TABLE 5 


Comparison of effect of various penicillin preparations on B. novyi infections when adminis- 
tered by drug-diet procedure 


DKCC'DIET CO?, GEN- 
ERATION 

so incE 

AVERAGE DRUG 
INTAKE 

AVERAGE PARASITE 
PEAK PER CENT OP 
UNTREATED CONTROLS 

MORTALITY IN 
14 DAYS 

AVERAGE DAY 
OP DEATH 

Commercial sodium penicillin 

units per 100 gm. 

■ 

units/ kg /day 




4,160 

H9' 

5,317 

88.7 ±13.9 


6.2 

8,333 


15,694 

13.5 ± 7.8 

4/15 

4.5 

16,666 


29,677 

3.6 ± 3.6 

1/14 


33,333 

15 

69,866 

<0.01 



Crystalline penicillin G 

4,166 

pm 

5,632 

76.5 ±13 5 

6/10 

4.5 

8,333 


13,650 

43.1 ±16.7 

3/10 

3.6 

16,666 


26,200 

2.6 ± 2 4 

0410 


33,333 

■dr 

64,050 

<0.01 

0/10 


Commercial calcium penicillin 

4,166 

10 

4,695 

83 3 ±21.1 


7.9 

8,333 

10 

12,510 

22.4 ± 8.0 


5.0 

16,666 

10 

22,850 

13.9 ± 7.9 

2/10 

3.0 

33,333 

10 

64,000 

<0.01 

0/10 



Crystalline methyl penicillin G 


4,166 

5 

5,220 

106.9 ±20.4 

1 

6.1 

8,333 j 

5 

10,000 

104 3 ±11 9 

»7W- a ‘ : 

4.5 

16,666 

10 

27,200 

97 2 ± 9.7 

7/10 

4.7 

33,333 

10 

32,000 

63.5 ± 9.5 

6/10 

5.5 

66,666 

5 

83,400 

99.7 ± 6.3 

5/5 

4.8 

133,333 

5 

187,000 

92.8 ±61 

5/5 

4.2 


TABLE 6 

Summary of effect of various penictllm preparations and dichlorphenarsme hydrochloride on 
B. novyi infections in white mice when administered by various routes 


PREPARATIONS 

ESTIMATED ED»0 

Drug-diet 

Subcutaneous 

5 doses daily 

Subcutaneous 

1 dose daily 


until /kilo /day 

units /kilo (day 

units /kilo /day 

Crystalline sodium penicillin G 

9,800 (5.9)* 

| 2,900 (1 8)* 

10,300 (6 2)* 

Commercial sodium penicillin 

9,100 

2,300 

13,600 

Pilot Plant Lot 860 


2,750 

15,400 

Commercial calcium penicillin 

8,600 

3,450 


Crystalline methyl ester penicillin G 

>187,000 

3,150 


Dichlorphenarsine hydrochloride 


1.9* 

3 75* 


Milligrams per kilo per day. 
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Dunham & Rake (10) have reported evidence indicating that impure prepa- 
rations of penicillin may contain substances other than penicillin itself, which 
have a spirocheticidal activity for Spirochete pallidum. Our experiments do 
not allow one to conclude that any material other than penicillin was present 
in the preparations available to us, which had a chemotherapeutic action against 
B. novyi. To further study this point, samples of commercial sodium penicil- 
lin were inactivated by sodium hydroxide and tested for activity against B. 
novyi infections. Doses of such inactivated penicillin equivalent to 400,000 
units per kilo per day were completely devoid of activity- The alkali inacti- 
vated penicillin was thus less than jhs as active as the original penicillin from 
which it was made. If there was any material in our sample of commercial 
sodium penicillin, other than penicillin itself, which was spirocheticidal it must 
have been present in extremely low concentrations or it possessed properties 
of alkali instability resembling those of penicillin. 

CONCLUSIONS 

1. Experimental procedures for quantitative chemotherapeutic experiments 
xrith B . •mvyi \w TTfwe tec ’oewn c’wate&tdi . 

2. Four preparations of penicillin varying in degree of purity and containing 
varying proportions of G and other penicillins have been compared for their 
spirocheticidal activity. On the basis of dosage in Oxford units no differences 
were noted between the four samples regardless of method of administration. 

3. By parenteral injection the methyl ester of penicillin G is equal in ac- 
tivity to free penicillin G; however, orally the ester is less than -jV as active. 

4. When administered by frequent subcutaneous injection dichlorphenar- 
sine hydrochloride is milligram for milligram equal to crystalline sodium peni- 
cillin G in activity against B. novyi. 
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The distribution of penicillin in the animal body after injection, as well as 
the ultimate fate of that fraction not rapidly excreted, is inadequately known. 
This paper records information contributing toward a more complete under- 
standing of these problems. 

Distribution in body tissues. It is well recognized that only negligible 
amounts of penicillin enter the spinal fluid vhen the meninges are normal, 
but that there may be some penetration through inflamed meninges (1). Penicil- 
lin has also been demonstrated in ascitic, pleural and subcutaneous fluids (1), 
in articular fluids, and in the fetus (2), but detailed studies in other body tissues 
are scanty, except for the work of Struble and Bellows (3). These investigators 
studied the penetration of the agent into the various tissues of the eye of the 
dog with great care, and also, the distribution through other tissues in less 
detail. They found practically no penicillin in nerves, brain, dura, and bone 
marrow. A low concentration was present in voluntary and heart muscles, 
pancreas, adrenal, and spleen. Two or three times as much was found in liver, 
bile, lung, buccal mucosa, skin, and small intestine, and eight times as much 
in the kidney. 

We made comparisons of the concentration of penicillin in the blood, and 
that in various tissues in 6 rats and 3 rabbits, one-half hour after the subcu- 
taneous (rat) and intravenous (rabbit) injection of 1000 to 10,000 units 1 of 
penicillin. Rat tissues were homogenized in a Waring blendor in physiological 
salt solution and centrifuged. The rabbits were bled, the tissues removed 
and ground with sand, diluted with physiological salt solution and centrifuged. 
The penicillin was estimated in the supernatant fluid by the method of Wololian 
and Cutting (4). The results are shown in table 1. 

It is clear that, in both rats and rabbits, the brain contained only a negligible 
amount of penicillin, and the liver, heart, and striated muscle contained amounts 
approaching that in the blood. The penicillin content of the kidney is more 
variable than that of the other organs. In the case of the rabbit the variability 
is less than in the rat, and the content, apparently, significantly higher. Rabbit 
kidney contained almost 50 times the amount in the blood, while in only one 
instance was a concentration of this order found in rat kidney. The whole 

1 Due to the scarcity of penicillin when these tests were made, remnants of clinical 
solutions were used in many cases, without re-assay, but vith use of the same solution in 
control and test runs on the same animal. 
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rat kidney was used, while cortical tissue was selected from the rabbit to de- 
crease high results which contamination with urine might produce. Thus, 
the low quantities in the rat kidney suggest either that it is not concentrated 
there, as it may be in the rabbit kidney, or that in the rat kidney it is rapidly 
destroyed. 

Presence of penicillin in saliva and bile. It has been shown (5) that 
penicillin is rapidly excreted in the bile, at a concentration persisting at a higher 
level than that in the blood, and that it also appears in the saliva. As this 
would be of importance if the proportion lost were considerable, comparisons 
of blood and biliary concentrations were made after the intravenous injection 
of penicillin (750 u./kg.) in dogs. Simultaneous measurements were made in 
saliva collected after cannulation of the submaxillary duct, and augmented by 

TABLE 1 

Distribution of penicillin in various tissues of rats and rabbits 

CONCENTRATION OF PFNICIIXW IN UNITS PER CM OR CC 
Blood 1 Brain [ Liver I Kidney 1 Heart J Muscle 


Itabbit 1 
Rabbit 2 
Rabbit 3 

Rati 
Rat 2 
Rat 3 
Rat 4 
Rat 5 
Rat 6 

* On gross inspection this Kidney appeared abnormally pale 

electrical stimulation of the chorda tympani or the sympathetic nerve supply, 
and injection of pilocarpine. The results are shown in table 2. The antibiotic 
activity of saliva before penicillin had been injected was nil by our method, 
and that of bile was less than the equivalent of 0.03 u. per cc. of penicillin. 

Thus, it appears that the amount of penicillin which is lost in the saliva is 
negligible, wliile that in the bile may be somewhat greater. However, as shown 
in the next section, the amount lost in the bile would also appear to have no 
clinical importance. 

Effect of nephrectomy and hiltary obstruction. A variable amount of penicillin 
is quickly excreted in the urine, and this is proportionately larger when the 
drug is given intravenously than when administered by other routes (G) It 
has abo been shown (1) that the concentration in the blood is maintained at a 
high level in patients with poor renal function as compared with others. The 
fate of the penicillin not accounted for in the urine us unknown. It may be 
destroyed in the tissues or conjugated toan inactive form, lost via thealimentary 
canal, or destroyed in the kidney. 
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In an effort to assess the total effect of excretion by the kidneys and destruc- 
tion in the urine, penicillin (5000 to 10,000 pnits) was given intravenously to 5 
rabbits which had been bilaterally nephrectomized 10 minutes before. In 
some cases the kidneys were left in situ instead of being removed, after ligatures 
had been placed tightly around the renal vessels and ureter. The rate of disap- 
pearance in the blood then furnished an index of the rapidity of destruction 
in the body, including that lost into the alimentary canal. Significant amounts 
of penicillin (0.03 to 0.5 u.) were present in the blood after 24 hours, and even 
after 48 hours in one instance (0.12 u.), while penicillin could seldom be estimated 
in the bloods of control animals after 3 hours. Thus, urinary excretion is 

TABLE 2 


Concentrations of penicillin in blood, saliva and bile of dogs, after intravenous injection 


DOC 

FLUID 

CONCENTRATION OF PENICILLIN IN UNITS PE* CC. 

15 

30 

Minutes aft 

45 

er injection < 

60 

if penicillin 

75 

90 

120 

1 

Blood 

2.0+ 

1.0 

1.0 

1.0 





Bile 

1.0 

1.0 







Saliva 

0.03 

0.06 






2 

Blood 

1.0 








Bile 

4.0+ 








Saliva 








3 

Blood 

0.06 


0.06 



0.03 



Bile 

0.5 


4.0+ 



4.0+ 



Saliva 

0 


0.12 

. 9 

0.12 

0.5+ 


4 

Blood 


8.0+ 




0.5 

0.25 


Bile 


0.6± 




40+ 

40+ 


Saliva 


1.0+ 


0.25+ 


0.12+ 

0.12+ 

5 

Blood 


1.0 


1.0 





Bile 


5.0+ 


5.0+ 





Saliva 


0 06 


0.06 





ordinarily responsible for the major loss of penicillin from the body, although, 
if this factor is eliminated, the penicillin is otherwise destroyed within a day or 
two in the body. 

The relatively high concentration of penicillin in the bile suggested that a 
considerable proportion of the agent might be lost in this secietion. To study 
this factor, the rate of disappearance of penicillin from the blood after intravenous 
injection was followed in 10 rabbits which had had a ligature placed around the 
common bile duct from 10 minutes to 2 days before. There was no significant 
alteration in the curves of blood concentrations from those of the same animals 
nreoneratively. Thus the loss in the bile did not appear to be important. 

'ts, both the common bile duct and the kidney weie ligated without 
terinc.the effect from that of kidney exclusion alone. 
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Site of destruction of penicillin in the body. Even though urinary 
loss of penicillin may be most important clinically, destruction in the tissues 
must also be considered. 

The tissues in which penicillin is most easily destroyed are not known. It is 
stated (7) that the destruction in shed blood is not rapid, and again (8) that 
inactivation in serum is considerable. Table 3 shows the comparative rate of 
destruction in human blood, human urine, and physiological salt solution 
(U.S.P.) at room, refrigerator and incubator temperatures. When the samples 
are kept at refrigerator temperature, a delay of several days before analysis is 
not important, but at room temperature there may be a considerable drop in 
potency of blood, but not urine, within 2 to 4 days 

TABLE 3 


Rale of destruction of penicillin in blood, urine and physiological salt solution at refrigerator 
U°C.), room (S0°C.), and incubator (S7°C.) temperatures 



CONCEM&ATIOK OF PEMCILLLN IN TWITS PER CC. 

Ongtnal 

Days 

\ 

2 

4 

5 

7 

Blood 

4°C. 

4 


4 


4 

4 


20°C. 

4 

4 

4 

2 


0.5 


37“C. 

4 


0.25 


0 

0 

Brine 

4°C 

4 

■ ■ 

mm 

■ ■ 

4 

4 


20°C 

4 ! 

I 


■ 

4 

4 


37°C 

4 

S 

m B 

■ 

2 i 

1 

1 

Physiological salt 

4°C 


| 

4 

■ I 

4 

4 

solution (TJ S P ) 

20°C 


■ 

4 

■ 

4 

2 


37°C 



1 

[I" | 

0 5 

0.06 


As it appeared possible that the reticuloendothelial cells might destroy penicil- 
lin more lapidly than other tissues, an attempt to block these cells by the injec- 
tion of colloidal material (9) (mdia ink or trypan blue) was made in 9 rabbits. 
After subsequent injections of penicillin, the concentrations attained were 
slightly higher than in previous control runs on the same animals, suggesting 
that a small, and probably unimportant amount of penicillin is destroyed by 
reticuloendothelial cells 

Evidence against hep me destruction Destruction of penicillin by 
the Jive! at a rate more rapid than tiiat by other tissues w ould impair the efficacy 
of oial administration, and for tins reason might be of clinical importance. 
1o test tins possibility, penicillin «a« injected intravenously into rabbits, and 
the time-rour-o of the fall m concentration in the blood concentrations deter- 
mined 1 lien, a few day-, latei, the same amount of penicillin was injected 
into a bianrh of the poital win, and the descent of blood concentration again 
followed. 1 liw e\pci uncut w.w lepeated 13 times, using SOOOdb units of penicil- 
lin thwihed m 1 oi 2 ce. of phv-iologioal salt solution on each occasion. There 
w.e- no apparent difference m the two curves, suggesting that the liver doe<= not 
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destroy penicillin more rapidly than other tissues, according to this criterion. 
The average blood concentrations at 15 minute intervals for 6 different rabbits 
are shown in table 4. 

Effect of penicillin on tissue respiration. The possible influence of 
penicillin on tissue respiration in the rat was also investigated. Injection of 
doses of 1000 units per animal did not modify the oxygen consumption (Warburg 
method) of cerebral cortex, liver, kidney cortex or diaphragm of animals de- 
capitated 30 minutes after injection. Direct addition of graded doses of penicil- 
lin to slices of the same group of organs in respirometer vessels likewise failed 
to alter the rate of oxygen consumption. In this series the final concentrations 
of penicillin ranged from 100 to 1400 units per gram wet weight of tissue. 

Discussion. The distribution of penicillin in the body, except the tissues 
of liigh lipid content, such as the central nervous system, appears to be rela- 
tively uniform, and in the general range of that in the blood. The kidneys of 
some species may contain a concentration much higher than that in the blood, 
but the element of urinary contamination is not easily avoided. 

TABLE 4 


Penicillin in blood of rabbits after intravenous injection into car vein and portal vein 
(averages for 6 rabbits ) 



CONCENTRATION tJT PENICILLIN IN HEART BLOOD 

Time after Injection. 



45 minutes 

60 minutes 

Injection into ear vein 

Injection into portal vein 

units Per cc 

0.46 

0.60 

units per cc 

0.22 

0.12 

units per cc 

0.10 

0.10 

units per cc 

0.06 

0.05 


The fate of penicillin in the body is only partially accounted for by our results 
The major part is usually quickly lost in the urine, and only an unimportant 
fraction in the bile. In the intact animal, immediate passage through the liver 
docs not affect its rate of destruction, but blocking the reticuloendothelial sys- 
tem, of which the liver constitutes a considerable part, may slightly retard its 
destruction. In any case, the fact remains that destruction of penicillin in 
the body is of secondary importance to renal excretion. No studies of the 
destruction of penicillin by organ perfusion were made, or of the possibility 
that conjugated or otherwise inactivated penicillin might be excreted in the 
urine. 
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4. Penicillin is not rapid!}' destroyed in shed blood at body temperature, 
although even less rapidly in urine or physiological salt solution. 

5. Accordingly, the major portion of any administered penicillin is lost in 
the urine, with a minor part in bile and saliva, and the fate of the portion un- 
accounted for remains unknown. 
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Previous experiments performed in this laboratory have shown that desoxy- 
corticosterone acetate (DCA) causes nephrosclerosis, hypertension, periar- 
teritis nodosa and myocardial lesions similar to those seen in acute rheumatic 
fever (1-4). Under certain conditions, the joints may also be involved and 
exhibit arthritic and periarthritic lesions resembling those seen in the rheumatic 
fever of man (32). The relative prominence of the manifestations mentioned 
above is subject to great variations in different species and even in different 
individuals of the same species; essentially, however, all animals (fowl, cats, 
dogs, guinea pigs, rabbits, mice, rats and rhesus monkeys were tested) are sen- 
sitive to DCA overdosage inasmuch as they develop some or all of the above- 
mentioned lesions, when treated with adequate doses over a sufficiently long 
period (2, 5-8). 

It soon became evident that unilaterally nephrectomized rats are partic- 
ularly sensitive to the toxic manifestations of DCA, especially if they are 
maintained on a high sodium chloride intake (9). Female or castrate male 
rats, are more sensitive than intact males and administration of testoid com- 
pounds, such as methyl-testosterone, raises resistance against DCA (10, 11). 
Ammonium chloride, which is an “acidifying salt,” is extremely potent in antag- 
onizing the toxic manifestations of DCA overdosage (12), without signifi- 
cantly influencing the life-maintaining action of this steroid, when tested on 
the adrenalectomized rat (13). 

These observations promise to have certain piactical applications. If in 
man, as in animals, ammonium chloride should prove to prevent the toxic actions 
of DCA ■without interfering with its life-maintaining potency, the corticoid 
compound could be administered to patients with greater safety if they simul- 
taneously received ammonium chloride. Indeed, the practical applications 
of this experimental work may not limit themselves solely to patients receiving 
DCA medication. There is reason to believe that excessive endogenous pro- 
duction of salt-active corticoids by the adrenal cortex may be responsible for 
the production of renal hypertension, periarteritis nodosa and even certain 
types of myocarditis which occur spontaneously in man (14). It has been 
shown that crude preparations of cattle anterior pituitary tissue share with 
DCA the ability to elicit nephrosclerosis, periarteritis nodosa and myocardial 
nodules (15). Since these same preparations also cause marked adrenal cortical 
enlargement, it is perhaps not unreasonable to assume that their toxic mani- 
festations are mediated by the adrenal cortex, uhich under their influence pro- 
duces excessive amounts of salt-active corticoids. That there is a close 
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relationship between the toxic manifestations elicited by DGA and those pro- 
duced by anterior lobe preparations is made even more probable by the recent 
observation that ammonium chloride prevents not only the toxic effects of 
DCA, but also those of the anterior lobe preparations (16). 

Assuming that our tentative interpretation is correct, the most important 
task will be to determine what pathogenic stimuli can increase the endogenous 
production of DCA-like corticoid compounds. It is well to remember in this 
connection that adrenal cortical hyperplasia and hypertrophy, accompanied 
by signs of increased corticoid hormone production, represent an integral part 
of the so-called “Alarm Reaction” and indeed of the entire “General Adapta- 
tion Syndrome” (17). In accordance with expectations, it -was possible to demon- 
strate that various damaging agents which cause adrenal cortical enlargement, 
also produce organ lesions essentially similar to those elicited by DCA or anterior 
lobe extract. Thus, for instance, exposure to cold, if continued for a period 
of several weeks, causes nephrosclerosis and hypertension. In this case again, 
unilateral nephrectomy and administration of NaCl proved to act as sensi- 
tizing agents (18). 

The above-mentioned observations are most readily compatible with the 
concept that those diseases of man, which are simulated by DCA over-dosage, 
are actually “diseases of adaptation.” Non-specific damaging agents (infec- 
tions, allergic reactions, stress and strain) stimulate — for the purpose of defense 
and adaptation — the adrenotropic hormone production of the anterior lobe. 
Tlie latter augments the production of DCA-like corticoid compounds by the 
adrenal cortex and these in turn (perhaps through their effect on electrolyte 
metabolism) produce the typical organ lesions. 

There is convincing experimental evidence showing that thyroxin likewise 
sensitizes animals to the toxic effects of DCA and hence it is not improbable 
that in human pathology an excessive production of thyrotropic hormones 
may also play an important, though subsidiary, role in the pathogenesis of the 
so-called “diseases of adaptation” (19). 

If this interpretation is correct, ammonium chloride, which counteracts the 
toxicity of DCA, may prove of therapeutic value even in diseases resulting from 
endogenous over-production of corticoid hormones. It is mainly for this reason 
that we undertook the present experimental series in which we examined the 
action of a number of electrolytes upon the toxic manifestations of DCA in the 
rat. When we began these experiments, we already knew that sodium chloride 
aggravates, while ammonium chloride inhibits the development of DCA over- 
dosage phenomena. The question arose whether the sensitizing and inhibitory 
actions, respectively, are due to the salts as a whole, to specific pharmacologic 
actions of the anion or cation, or to secondary changes in the alkali reserve and 
pH of the body fluids, which might result from the administration of such salts. 

Exrr.mMF.NTAL. 17 groups, each consisting of 12 unilaterally nepbrectomizcd female 
albino rats w eighing 130-160 g. (average 139 g.) were used for the experiments to he reported 
in this communication. At the time of operation all animals, except those in Groups 1 
and 4, received subcutaneously, a pellet of DCA compressed at a pressure of 1,000 lbs. 
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per cm*. The rather complex experimental arrangement is briefly outlined in the column 
headed “Treatment” of table 1. All animals received tap water to drink and “Purina Pox 
Chow” 1 to eat (both ad lib), and all solutions indicated were administered daily by garage. 
Groups 1, 2, 4 and 6 may be regarded as various types of controls to be used for comparison 
with the other groups. Group 1 merely received water by stomach tube, without any 
hormone treatment. Group 2 received water and DCA, hence indicating the degree of 
toxicity exhibited by DCA without additional electrolyte treatment. Group 4 received a 
6% NaCl solution daily by gavage and served as a control for Groups 6, S-17, all of which 
received NaCl, in the same concentration and amount, as Group 4. In addition to this 
NaCl treatment, Group 6 received a DCA pellet and hence served as a control, for all groups 
receiving DCA and the "Standard Concentration” (6%) of NaCl. Group 3 received DCA 
and NajSOi, the latter in a concentration containing the same number of m. eq. as the 6% 
NaCl solution in Group 4. The purpose of this group was to determine whether Na given 
in the form of a salt other than NaCl, would be equally effective in sensitizing the animals 
to the toxic actions of DCA. Groups 5 and 7 were included to determine the relationship 
between the concentration of the NaCl administered and its ability to increase the toxicity 
of DCA. In Group 5 a quarter of the "Standard Concentration” and in Group 7, twice the 
"Standard Concentration” were administered. The electrolytes which were given in addi- 
tion to NaCl in Groups 8, 9, 10, 11, 14 and 15 were introduced in concentrations containing 
the same number of m. eq. as the “Standard” NaCl solution. Thus in Group 8 the animals 
received NaCl and NHiCl in concentrations whose chloride content was equivalent. This 
waB done in order to compare the protective effect of NH<CI with that of other salts of 
equivalent anion concentration. The concentration of the di- and monobasic phosphates 
(Groups 12 and 13) was similarly calculated, on the assumption that their bulk would 
dissociate to give HPOi~ and HsPO«“ respectively. 

As previously stated some of the organ changes produced by excessive amounts of DCA 
resemble those of human rheumatic fever, hence it appeared of interest to establish whether 
salicylates — so active in combatting the manifestations of the human disease — would have 
a protective action against the experimentally produced lesions. Because of the toxic 
action of sodium in DCA-treated animals, it appeared advisable to use ammonium salicylate 
rather than sodium salicylate for this work. Since salicylates are not tolerated in con- 
centrations corresponding to the "Standard” NaCl solution, the ammonium salicylate in 
Group 16 was given in the form of a 1% solution. No gavages were given on the day of 
operation or the following day, in order that the animals might recover. After this, the 
same amount of fluid was given to all animals irrespective of the concentration and number 
of salts administered. On the second day after the operation, all animals received one 
gavage of 2 cc. and on all subsequent days during the first three weeks of the experiment 
they received two daily gavages of 2 cc. After three weeks this was increased to 3 cc. twice 
daily. This sequence was somewhat interrupted on days when blood samples were taken 
for analysis, as will be explained later. 

The animals were sacrificed after six weeks and the organs were fixed in “Suza” mixture, 
weighed and histologically examined. The degree of nephrosclerosis and the extent of myo- 
cardial damage were estimated in each animal and expressed in a scale ranging from "0” to 
"+ + +.” The percentual intensity of nephrosclerosis and cardiac lesions was computed 
by adding the total number of plus signs in each group and then dividing by the number 
of animals in the group. The resulting figure was then expressed as a percentage of the 
VYvwyrebvwal maximum wf -V -V” in v.U animals of a group TVus piozeduTe gives a fait 
estimate of the average intensity of the lesions The average incidence was similarly 
computed disregarding the intensity of the change and taking every organ with a demon- 
strable lesion as positive. The incidence of periarteritis nodosa, as detected m the mesen- 
teric vessels, was also computed in this manner. The weight of the heart (ventricles only) 
and of the kidney was expressed as a percentage of the final body weight; the standard errors 


1 Ralston Purina, Woodstock, Ontario. 
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of these figures are also listed. The water intake was measured daily and the averages 
are shown in the table for the two weeks preceding the day mentioned. 

The average pellet weight at the time of implantation was 44.6 mg. and during the six 
weeks of the experiment an average of 11.8 mg. was absorbed. It is to be noted that the 
rate of absorption was essentially the same in all groups. 

It would appear from the final body weight and low water intake of Group 5 (see table 1) 
that this group was damaged by the treatment. However, the animalB appeared healthy 
in all respects and the body weight of the groups receiving higher concentrations of NaCl 
(Groups 4, 6, and 7) were not below average. 

Though only three animals survived in Group 3, three others died during the last three 
days of the experiment and were included in our averages. All other animals (in any group) 
which died from incidental causes before the sixth week were not included in the averages. 

Samples of blood were taken on the 14th, 28th and 42nd day of treatment after the animals 
had been fasted for 16 hours. The last gavage was given to the first half of each group of 
rats 16 hours, and to the second half, 1 hour previously. On the 14th and 28th days, the 
blood was taken from the jugular vein while the animals were under light ether anesthesia. 
It was collected under oil, allowed to clot, then centrifuged and aliquots measured out as 
soon as possible. The final blood sample, taken on the 42nd day, was obtained by cutting 
the jugular vein and exsanguinating the rat as completely as possible. Part of the sample 
was put in an oxalated bottle, while the rest was placed in a centrifuge tube, covered with 
oil and allowed to clot. The second daily gavage normally given, was omitted on the 
14th and 28th days. 

Chloride determinations were done using a micro-modification of Van Slyke’s (20) 
method; sodium by a modification of the method of McCance and Shipp (21) suggested by A. 
'Neufeld (private communication); potassium by Jacobs and Hoffman’s (22) procedure; 
calcium .by that of Clark and Collip (23) and finally phosphorus by a photo-electric modifi- 
cation of the method of Fiske and Subbarow (24) . The results are expressed in m. eq. per 
litre of blood or serum. 

As regards the morphologic manifestations of DCA overdosage, perusal of 
table 1 indicates that under the conditions of these experiments, in animals 
receiving no additional electrolyte treatment (Group 2), a single subcutaneously 
implanted pellet of DCA caused only mild nephrosclerosis; cardiac nodules 
were entirely' absent and the incidence of periarteritis nodosa was low. Cor- 
respondingly, the increase in the percentual weight of the kidney and heart 
was not very pronounced. If the values of this group are compared with those 
of the group receiving the “Standard” amount of NaCl in addition to DCA 
(Group 0), it is immediately evident that, in agreement with our previous obser- 
vations, NaCl greatly sensitizes the experimental animals to the toxic mani- 
festations of the corticoid hormone. Nephrosclerosis and cardiac lesions were 
present in almost every’ animal and their intensity was severe. Periarteritis 
nodosa of the mesenteric vessels was likewise of common occurrence and cor- 
respondingly the weights of kidney and heart were far above normal. These 
toxic manifestations of DCA and NaCl on the kidney’, were even more pro- 
nounced in the group receiving twice the “Standard” concentration of NaCl 
(Group 7), but one-quarter of this amount of NaCl (Group 5) led to lesions 
which were only very slightly more severe than those caused by the same amount 
of DCA in animals given tap water only (Group 2). These observations show 
that the minimum effective dose of NaCl is approximately that given in Group 5. 
It appears furthermore, that our “Standard” amount of NaCl is probably not 
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Summary of organ changes and biochemical findings in the first experimental series 
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far from the maximally effective dose, since even twice the “Standard” amount 
(Group 7) does not cause much more severe lesions. 

NaiSQi (Group 3) shares with NaCl the ability to increase the toxicity of 
DGA, yet in the present series it appears to have been quantitatively less effec- 
tive in producing morphologic manifestations of overdosage. It null be noted, 
however, that this electrolyte caused very severe blood chemical changes and 
proved particularly damaging to our animals (high mortality). 

NH 4 C1 (Group 8) was highly potent in counteracting the toxic effects of 
DCA given in combination with NaCl. This beneficial effect manifested 
itself in the complete prevention of periarteritis nodosa and a marked decrease 
in the incidence and intensity of both neplirosclerotic and cardiac lesions. The 
increase in kidney weight occasioned by DCA (especially when given in com- 
bination with NaCl) was not inhibited by NHtCl; on the other hand, the cardiac 
enlargement which is probably secondary' to the hypertension caused by the 
nephrosclerosis, was significantly' inhibited ‘by the NHtCl. All these obser- 
vations confirm our earlier findings concerning the actions of NHtCl (12). 

Calcium chloride (Group 9), ammonium sulphate (Group 10) and, to a lesser 
degree, ammonium nitrate (Group 11) shared the beneficial effect of ammonium 
chloride. This suggests that neither the cation nor the anion of ammonium 
chloride is indispensable for this action. On the other hand, all salts with 
anti-nephrosclerotic potency (Groups 8, 9, 10 and 11) have in common the ability 
to act as “acidifying agents”, that is, to depress the alkali reserve of the blood; 
hence it is suggested that perhaps the beneficial effect, of the electrolytes studied, 
is not due to the chemical identity of either cation or anion, but is connected 
in some manner with their ability to produce, within the organism, an excess 
of acidifying anions. In the case of ammonium chloride, ammonium sulphate 
and ammonium nitrate, this is probably achieved because the NHt + ion is neu- 
tralized by being transformed into urea, thus leaving an excess of acid; in the 
case of calcium chloride the comparatively low absorption rate of calcium and 
its ready excretion into the intestine achieves the same end result, leaving an 
excess of Cl ions to form HC1 in the body. Further experiments will have to 
show whether the DCA-antagonizing effect of such an anion excess is due to 
their combination with sodium, which helps to deplete the body of the latter 
or whether they act directly. 

The di- and monobasic phosphates (Groups 12 and 13) proved to be devoid 
of any noteworthy anti-nephrosclerotic action. It does not appear profitable, 
however, to discuss the reasons for this apparent inactivity because histologic 
examination of the kidneys showed that in these two groups calcified cylinders 
were formed throughout the kidney, within the distal convoluted tubules and 
collecting tubules, presumably because of the high phosphate concentration 
of the urine. By obliterating the lumina of the nephrons, these cylinders led 
to considerable destruction of renal tissue and hence it was difficult to determine 
how much of the kidney damage uas secondary to this and hou much uas due 
to the toxicity of DCA. It may be remarked parenthetically that unfortu- 
nately these tissues uere fixed in Suza solution and not in neutral formalin, 
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so that the histochemical identification of the calcium by Kossa’s stain was not 
feasible. The general histological characteristics of the cyclinders, including 
their purple coloration with hematoxylin was quite characteristic, however, 
and in view of the fact that high phosphate intake is known to cause calcium 
precipitation within the nephrons, it appears reasonably safe to assume that 
the cylinders were calcified. Be this as it may, the phosphates proved useless 
in antagonizing the action of DCA. 

Magnesium chloride (Group 14) and potassium chloride (Group 15), likewise 
failed to effect any significant decrease in the toxic actions of DCA and as regards 
KC1 this inactivity was even more clearly shown in a later experimental series 
(table 2). This is noteworthy since some investigators believed that all toxic 
manifestations of DCA, and particularly its damaging effect upon renal and 
cardiac structure, are secondary to its blood potassium depressing effect. Indeed, 
it has been stated by some that the administration of KC1 antagonizes the actions 
of DCA in the rat (25-27). We cannot confirm this under the conditions pre- 
vailing in our experiments and, since RC1 is not an acidifying salt, no beneficial 
effect may be expected of it on the basis of the hypothesis expressed above. 
In the case of magnesium chloride, the inefficacy of our treatment may have 
an entirely different explanation, inasmuch as the animals of this group devel- 
oped a very pronounced diarrhea under the influence of the orally administered 
electrolyte, so that probably a large portion of it went through the intestinal 
tract unabsorbed. The salts of organic anions, namely the salicylate (Group 16) 
and the acetate (Group 17) were likewise ineffective. In the case of the sali- 
cylate, it will be remembered that the concentration was not comparable with 
that of the other electrolytes and in the case of the acetate, we may assume 
that the organic anion was metabolized. It will be seen later (table 2) that 
another organic anion, namely citrate, is likewise ineffective even if given in 
the form of ammonium citrate, in which the cation is probably neutralized within 
the body as a result of urea formation. 

It is noteworthy, however, that the incidence and intensity of the cardiac 
and periarteritic lesions was more or less significantly lower in Groups 8-17 
than in the control group receiving DCA with NaCl alone, that is, without any 
additional electrolytes (Group 6). 

The water intake and consequently also the diuresis was slightly above normal 
in the animals receiving DCA (Group 2), considerably above normal in those 
receiving DCA with the “Standard” amount of NaCl (Group 6) and highest 
in the group receiving DCA and twice the “Standard”araountof NaCl (Group7). 
Perusal of Groups 8-17 indicates that under the conditions of our experiments, 
sodium chloride raised the water intake more effectively (Group 7) than equi- 
valent concentrations of electrolyte mixtures in which only half of the solute 
is represented by sodium chloride (Groups 8-17). 

In confirmation of our previous observations (2S-30), we note that DCA 
tends to depress both the whole blood and the serum chlorides. This effect 
was particularly pronounced in the group receiving DCA and sodium sulphate 
(Group 3). Indeed, in this group the hvpochloremia was so severe, that it in 
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itself may perhaps explain the high mortality rate observed in this group. It 
is interesting to note that exogenous administration of NaCl, far from compen- 
sating for this hypochloremia, actually increased it in the DCA-treated animals, 
except immediately after the gavage. (Compare Group 2 with Groups 6 and 7). 

Although the Na/Cl ratio is rather variable, we note in agreement with earlier 
findings that this index is highest in the animals most severely damaged by 
DCA, that is the sodium sulphate group (Group 3) in which the mortality rate 
was highest and the two groups receiving comparatively high concentrations 
of NaCl without any additional electrolytes (Groups 6-7). 

It is noteworthy that both overdosage with a corticoid compound and adrenal- 
ectomy cause a similar depression of the blood chloride level. This has its 
clinical equivalent inasmuch as it has been observed that the blood chlorides 
tend to be subnormal in Cushing’s disease as well as in Addison’s disease (31). 
There are striking similarities between Cushing’s disease and experimental DCA 
overdosage; in both these conditions the blood pressure tends to be raised, there 
is cardiac hypertrophy, a rise in the blood volume and frequently nephiosclerosis. 
We found, furthermore, that in NaCl-treated rats, anterior lobe extracts cause 
the same morphologic manifestations of hormone overdosage as does DCA 
(15) and that the lesions normally produced by anterior lobe extracts are also 
preventable by ammonium chloride treatment (16). Hypopotassemia, such 
as is occasioned by DCA overdosage, can also occur in patients with Cushing’s 
disease (31) and has been observed under certain conditions in our laboratory 
in rats treated with anterior pituitary extracts (unpublished data). All these 
observations imply a close relationship between Cushing’s disease and the ex- 
perimental lesions induced by overdosage with anterior lobe extracts or DCA. 
It is questionable, however, whether the pituitary influences the blood chlorides 
solely through the intermediary of the adrenocorticotropic hormones; posterior 
lobe extracts also affect chloride metabolism and, unlike in the intact rat, DCA 
does not cause hypochloiemia in the hypophysectomized animal (29). 

The decrease in serum potassium, which usually follows DCA overdosage, 
is obvious in Group 2 and most severe in the group receiving DCA in combination 
w'ith sodium sulphate (Group 3). Perusal of the other figures indicates, however, 
that there is no close relationship between the blood potassium level and the 
damaging effect of the corticoid hormone. Thus administiation of ammonium 
sulphate (Group 10), ammonium chloride (Group 8), calcium chloride (Group 9) 
or ammonium nitrate (Group 11) failed to restore the abnoimally low blood 
potassium of the DCA treated animals to normal, yet all of these electrolytes 
were highly effective in counteracting the toxic manifestations of the hormone, 
as judged by the scarcity of organ changes. Conversely, KC1 (Group 15) which 
raised the blood potassium far above normal one hour after gavage, and main- 
tained it at approximately normal levels even 16 hours after gavage, failed to 
inhibit significantly the nephrosclerotic effect of DCA. 

The most outstanding facts which emerge from this first experimental series 
are that sodium given either as a sulphate or as a chloride sensitizes the rat to 
the toxicity of DCA, while certain acidifying salts tend to protect it. Potas- 
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sium cann ot take the place of sodium as a sensitizing agent, nor does it have any 
noteworthy protecting effect against DCA. Salts with organic anions likewise 
fail to give any marked protection against the toxicity of the corticoid compound. 

In order to obtain further data in connection with these main conclusions, 
we performed a second experimental series under slightly different conditions. 

In this series we used 13 groups, each consisting of 10 female albino rats weigh- 
ing from 40-60 g. (average 50 g.). Except for NaHCOj, the compounds 
used were investigated both alone and simultaneously with NaCl. It will 
be noted that some of the electrolytes examined were not included in the previous 
series. 

Since these animals were smaller, a lower “Standard” NaCl concentration, 
2.5%, was used. However, this was increased on the 10th day to 3.5% and on 
the 20th day to 4.5%. The amount given was always 2 cc. twice daily. The 
animals were sacrificed after four weeks as we wished to determine to what 
extent the lesions would be manifest at the end of this shorter period. Blood 
chemical determinations were performed only on the last day of the experiment 
16 hours after gavage. All other details were essentially the same as in the 
first series. 

Perusal of table 2 indicates that, although the experimental arrangement 
was slightly different in this series, the results were essentially the same as those 
of the first experiment. Probably because of the shorter duration of treatment, 
however, neither the heart weights nor the histological lesions in the heart 
were sufficiently pronounced, to deserve a special discussion. The incidence 
and intensity of nephrosclerosis in the groups receiving no NaCl supplements 
was comparatively low in all groups (Groups 2-6). It was lowest in those 
receiving NH4CI (Group 3) or CaCl« (Group 4), thus confirming the antineph- 
rosclerotic potency of these electrolytes. On the other hand, neither KC1 
(Group 5) nor ammonium citrate (Group 6) showed any nephrosclerosis-inhib- 
iting potency in comparison with the DCA-treated controls (Group 2). 

NaHCOj (Group 7) proved approximately as potent as NaCl (Group 8) in 
sensitizing the animals to this toxic effect of DCA. 

Among the animals which were treated simultaneously with DCA and the 
“Standard” NaCl solution (Groups 8-13) the nephrosclerosis was consistently 
pronounced except in the groups receiving either XH<C1 (Group 10) or CaCl- 
(Group 11). In this series KC1 and ammonium citrate were again ineffective, 
thus furnishing additional support in favor of the concept that only acidifying 
salts possess a beneficial action. 

It will atso be seen from table 2, that the increase in the percentual weight 
of the kidney caused hv DCA (and to an even greater extent by DCA in com- 
bination with various electrolytes) is not inhibited even by those salts which 
arc highly potent in counteracting the nephrosclerotic effect of the corticoid 
compound. The interpretation of this "renotropic” action of DCA is rather 
difficult on the basis of data available to us at the present time. In the past, 
tiiat is More we learned how to inhibit the nephrosclerotic action of DCA, it 
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■was impossible to detect any renotropic action in this steroid since the kidney- 
stimulating effect, if any, rvas masked by the pathologic changes. A study of 
the histologic slides, prepared from the kidneys of the animals described in this 
communication, clearly indicates however that the epithelial cells of the proximal 
and distal convoluted tubules are hypertrophic and the tubular lumina tend 
to be distended in animals in which the nephrosclerotic action of DCA was 
counteracted by suitable electrolyte treatment. 

The blood chemical studies yielded rather variable results in this experiment. 
They confirm, however, that DCA tends to lower the serum chlorides and thus 
raises the serum Na/Cl ratio, while the blood potassium is decreased; yet there 
is no direct relationship between the degree of hypochloremia or hypopotas- 
semia and the intensity of the resulting nephrosclerosis. Thus in the group re- 
ceiving twice the “Standard” amount of NaCl (Group 9) the Na/Cl ratio was 
lower than in the group receiving NaCl in combination with NH 4 CI (Group 10) 
although in the former, the nephrosclerosis was very pronounced while in the 
latter it was usually absent. Similarly, KC1 raised the blood potassium to or 
above normal (Groups 5 and 12 ) without preventing nephrosclerosis. These 
observations led us to conclude that a high Na/Cl ratio and a low potassium 
are only approximate indices of the degree of DCA intoxication, but are not 
the direct cause of its nephrosclerosis-producing activity. Experiments now 
under way in this Laboratory (especially those concerned with blood pH, alkali 
reserve and tissue electrolyte concentration) may perhaps give us more accurate 
information concerning the pathogenetic mechanism responsible for the car- 
diovascular lesions. 

Summary. The experiments described in this communication confirm that 
unilateral nephrectomy and large amounts of sodium chloride sensitize the 
rat to certain morphologic manifestations of DCA overdosage (nephrosclerosis, 
cardiac lesions and periarteritis nodosa). 

The sensitization by NaCl is not due to the Cl ion, but to the Na ion, as indi- 
cated by the fact that other chlorides are ineffective in this respect, while other 
Na salts share this action of NaCl. 

A number of electrolytes were tested for their ability to prevent the renal 
and cardiovascular damage normally elicited by DCA. Among these, only 
the “acidifying” salts (ammonium sulphate, ammonium chloride, ammonium 
nitrate and calcium chloride) proved to possess any noteworthy protecting 
activity. 

Although we confirm that DCA causes a decrease in the chloride and po- 
tassium content of the serum, neither of these changes can be made directly 
responsible for the morphologic manifestations of DCA overdosage. Treatment 
with electrolytes which restore to normal the serum chloride or serum potassium 
values, does not necessarily prevent the cardiovascular lesions produced by DCA 
in the rat. 
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Introduction. A knowledge of the plasma concentration at which a drug 
exerts its effects and of the procedure by which such concentrations may be 
maintained is essential to the controlled therapeutic use of the drug. The recent 
development of good analytical methods has made it possible to study the 
cinchona alkaloids in t his respect. Although much attention has been focussed 
on their effective plasma concentration as antimalarials, there are other impor- 
tant effects of these drugs which have not been adequately investigated. 

It is known that the cinchona alkaloids and certain of their derivatives have 
a blocking action at neuromuscular junctions, autonomic (15, 16) as well as 
skeletal (3, 7, 12, 13). But in none of the experiments on this subject has the 
effective plasma concentration been measured. It was the purpose of this 
investigation to determine the plasma concentrations at which the cinchona 
alkaloids (quinine, quinidine, cinchonine, cinchonidine) and certain related 
compounds block the cardie-inhibitory action of the vagus nerves on the heart. 

A. Experimental : Dogs were lightly anesthetized by a Blow intravenous injection of 
pentobarbital sodium, or were decerebrated under ether anesthesia. The right vagus nerve 
was exposed , sectioned high in the neck and the central end of the peripheral part of the nerve 
laid over an electrode shielded in glass tubing. This electrode was connected to a stim- 
ulator arranged to give a one-second tetanic stimulus at the rate of 150 shocks per second. 
The right carotid artery was cannulated in order to record arterial blood pressure with a 
mercury manometer and a kymograph . Electrodes placed on the f ore limbs were connected 
to an electrocardiograph. An infusion set-up was arranged to deliver a saline solution 0 ! 
one of the drugs into a bind leg vein at a constant rate. The alkaloids were administered 
in the form of sulfates except where otherwise indicated. 

After determining the voltage necessary to give a maximal cardio-inhibitory response, 
control recordings of the effect of peripheral stimulation of the right vagus nerve were 
taken with the kymograph and the electrocardiograph. The infusion was then started and 
at intervals thereafter records of the effect of vagus stimulation and blood samples were 
taken. When it was observed that a maximal stimulation of the nerve produced no de- 
crease in blood pressure or stowing of the heart beat, the infusion was stopped to allow the 
concentration of the drug in the body fluids to fall until the effect of vagus stimulation 
returned. (Occasionally it was necessary to supplement the infusion solution with intra- 
venous injections in order to obtain a complete vagus block.) This procedure could often 
be carried through twice in one experiment. In Borne experiments both vagus nerves were 
sectioned and tested in the manner described above. 

11, Chemical Methods: The plasma concentrations of the cinchona alkaloids, n-butyl 
apocupreine, ethyl ddiydrocuprcine, hydroxyetbvlapocuprcinc, and cthylapocuprcine were 


1 This investigation was aided by a grant from the Cinchona Products Institute, Inc. 
* University of North Carolina School of Medicine, Chapel Hill, N. C. 
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determined by the method of Brodie and Udenfriend (1). Quinine methoehioride and qui- 
nine ethochioride concentrations were determined fiuorometrically on plasma filtrates ob. 
tained after precipitation of proteins with metaphosphoric acid in the manner described 
by Brodie and Udenfriend (2) for quinine estimation in plasma. In order to analyse the 
quaternary nitrogen salt p-hydroxy-acetaminophenyl-hydroxy-ethyl-apocupreinium chlo- 
ride which is not fluorescent and insoluble in ethylene dichloride, it was necessary to use 
a modification of the method of Brodie and Udenfriend (1), allowing the compound to react 
with methyl orange first in aqueous solution and then extracting the combination product 
in ethylene dichloride for colorimetric estimation. 


TABLE 1 

Plasma concentration required to block the cardiac effects of peripheral vagus stimulation 
The compounds are listed in order of decreasing effectiveness 


DBUC 

PARTIAL BLOCK i 

COMPLETE BLOCK 


mgm. per liter 

mgm. per liter 

Quinidine 

5.0 

7.4 

n-butyl apocupreine (M.I. No. 76)* 

5.0 

7.6 

Quinine ethochloridef 

6.9 

9.3 

p-hydroxyacetaminophenyl-hydroxyethylapocupreinium 
HC1 Chloride (M.I. No. 102)* 

5.0 

13.0 

Cinchonine 

0.0 

13.3 

Cinchonidine 

0.5 

15.5 

Ethyl dihydrocuprein (M.I. No. 0)* 

8.6 


Quinine methochloridef 

10.0 

20 

Quinine 

12.1 

19.8 

Hydroxyethylapocupreine (M.I. No. 72)* . 

(no effect up 



to 14.9) 


* These compounds were obtained through the courtesy of R. S. Tipton of the Mellon 
Institute of- Industrial Research, Pittsburgh, Pa. Because of a limited supply of these 
Bubstances we were able to carry out only one experiment on each. We also tried ethyl 
apocupreine HC1 (M.I. No. 15) but did not succeed in raising the plasma concentration 
above 4.12 mgm. per liter at which level no effect was observed. 

t The quinine methoehioride was provided by the Merck Co., the ethochioride by Parke 
Davis and Co. 

Results. The relative effectiveness of these compounds, taking as a basis 
for comparison the plasma concentration necessary to cause complete vagus 
block, is shown in table 1. These results are derived from experiments on 
forty dogs. Quinidine is the most effective of the four alkaloids, being about 
twice as potent as cinchonine and cinchonidine and about three times as potent 
as quinine in terms of effective plasma concentration. Of the three quaternary 
base derivatives quinine ethochioride is about twice as potent as quinine metho- 
chloride which has about the same effectiveness as quinine. The M.I. No. 102 
compound, which has the p-hydroxyacetaminophenyl group and the chloride 
attached to the quinuclidine nitrogen, shows a potency close to that of quinine 
ethochioride. The effectiveness of the cupreine derivatives is lost in the hydroxy 
compound (M.I. No. 72). All of the active drugs caused some decrease in the 
vagus action at plasma concentrations considerably below those necessary to 
cause complete block. 
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la the above series the potency of the drug is defined in terms of effective 
pl asma concentration rather than dosage. This seems a better basis of com- 
parison since dosage is only one of the factors contributing to the maintenance 
of suitable concentrations at the site of action. The plasma concentration 
existing at any time represents a balance between those forces tending to increase 
it (in this case depending only on dosage) and those tending to reduce it such 
as binding or destruction by tissues, distribution through body fluids and renal 
excretion. When infusions are continued long enough to allow distribution 
through body fluids and establishment of a concentration plateau in the plasma, 
the rates of infusion are roughly equal to the rate of loss by metabolic destruc- 
tion plus excretion at the given plasma level. In table 2 we have selected data 

TABLE 2 


Rales of infusion necessary to maintain plasma concentration plateaus at levels partially or 
completely blocking vagus inhibition of the heart. The effect on blood pressure is also indicated 


DSCG 

PLASMA 

crrusiov 

M£A2? BLOOD 

st rss 


Rate 

Duration 

Control 

Experi- 

mental 

Quinidine sulfate. . . . 

rfigm fitter 

6.2 

mffm /igm 

/mitt 

0.26 


110 

110 

Cinchonine sulfate 

12 3 

0 88 


115 

65 

Cinchonidine sulfate ... 

11.3 

0 8 


150 

110 

Quinine sulfate . . 

23 6 

0 77 

210 

no 

95 

Quinine methochloride 
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from experiments where such a concentration plateau had been established at 
plasma concentrations adequate to markedly decrease the effect of peripheral 
vagus stimulation on the heart. An examination of the rates of administration 
needed to maintain a given plasma level of the various drugs shows that there 
ate marked differences in the Tate of their removal from the blood. It is par- 
ticularly noticeable that the quaternary derivatives are lost from the blood 
at a much slower rate than the alkaloids. 

Much smaller total doses of quaternary salts than of the other compounds 
were required to achieve a given plasma level. This is probably due not only 
to their slower rate of loss but also to the fact that they do not readily enter 
tissue cells (unpublished observations) as do the alkaloids (9). The alkaloids 
have a large concentration reservoir in the tissues which tends to maintain the 
concentration m the plasma at effective levels for some time after the infusion 
has been stopped 1 his difference in distribution probably accounts in large 
part for the fact that the blocking action of the alkaloids on the vagus persists 
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for a long time after the infusion has been stopped while the effect of the quater- 
nary derivatives is readily reversible. 

It is important to note that these animals continued to respire spontaneously, 
even, in some cases, with both vagi sectioned, at plasma concentrations of the 
drugs which blocked the vagus endings. This demonstrates that the vagus 
neuromuscular junctions are paralyzed at a plasma concentration below that 
at which skeletal neuromuscular junctions are blocked. A few experiments 
were carried out with quinine methochloride and quinine ethochloride to determine 
the plasma concentration necessary to cause general paralysis. This was found 
to be at least twice the concentration required to paralyze the vagus endings. 

All of these drugs depressed the blood pressure when administered intrave- 
nously, (table 2) the degree of this depression being roughly proportional to the 
concentration of the infused solution. This effect of intravenous quinine is 
well known (5). 

Although Gruber, et al. (6) have reported that barbiturates can cause a de- 
pression of the cardiac vagus nerves, there was little evidence of this effect 
in our experiments. In general the decerebrated dogs, (which were allowed 
an hour to recover from the ether anethesia before use) required about the same 
amount of the cinchona drugs as the dogs anesthetized with pentobarbital 
sodium. 

Discussion. There is evidence to indicate that the cinchona alkaloids exert 
a blocking action on all neuromuscular junctions. Oester and Maaske (12) 
made a detailed study of the effect of quinine on the skeletal neuromuscular 
junction of the dog including the antagonism of quinine to the effects of acetyl 
choline. They refer to the pertinent preceding literature. Ravin (13) has 
subsequently studied the action of quinine on the responses of skeletal muscles 
on cats. That the alkaloids may also depress the vasomotor activity of the 
sympathetic nerve endings is indicated by the vork of Nelson who observed 
that quinine and quinidine given intravenously not only caused a drop in blood 
pressure, but antagonized the pressor effect of epinephrine. Nelson found, 
however, that some other motor effects of sympathetic stimulation or epineph- 
rine injection were not antagonized by quinine (11). Chopra et al. (4) 
and Stake-Torsten (14) have also observed an antagonism of the cinchona 
alkaloids to the vasomotor effect of sympathetic nerve stimulation and 
epinephrine, while Stavraky (15) and Starr (16) noted a paralysis of para- 
sympathetic endings and an antagonism to acetylcholine. 

The curare-like paralytic action of the quaternary nitrogen derivatives of quinine 
on skeletal neuromuscular junctions is well known (3, 7, 10). It is apparent 
from our results that these agents also exert a paralytic effect on vagus neuro- 
muscular junctions. 

The cinchona alkaloids, with the exception of qumich'ne, exert fheii action 
on the vagus endings at concentrations uhich, if we can apply these lesults 
on the dog to man, are accompanied by toxic effects, possibly due in pait to 
a loss of certain autonomic activities." It is interesting to note that the amount 
of quinidine usually given for auricular fibrillation might cause a plasma con- 
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centration adequate to block the vagus (8). As for the quaternary base de- 
rivatives tested, a dose adequate to produce general muscular relaxation would 
probably also paralyze the vagus. 

That the lowered blood pressure is not responsible for the decreased effect 
of vagus stimulation is shown by the fact that vagus function often returned 
while the blood pressure was quite low. Furthermore, in some experiments 
the vagus was blocked without a marked lowering of the blood pressure. It 
might be expected that the paratysis of the vagus endings w r ould cause an accel- 
eration of the heart due to release from tonic vagus inhibition. However we 
found a decreased heart rate in most instances, probably due to a direct de- 
pression of the myocardial excitability (17). This slower heart rate contrib- 
uted to the depressor effect on the blood pressure but the principal cause of the 
latter was probably a peripheral vasodilation (11), (5). 

SUMMARY 

1. The four principal cinchona alkaloids, three quaternary nitrogen deriv- 
atives, and three cupreine derivatives have been investigated with regard to the 
plasma concentration necessary to block the cardio-inhibitory action of maximal 
peripheral vagus stimulation in decerebrate and anesthetized dogs. 

2. Of the cinchona alkaloids quinidine was effective at the lowest plasma 
concentration, causing a complete vagus block at concentrations averaging 
7.4 mgm. of the sulfate per liter of plasma. Cinchonidine and cinchonine sul- 
fate were effective at average concentrations of 15.5 and 13.3 mgm. per liter 
respectively, while quinine sulfate was least effective, requiring an average of 
19.8 mgm. per liter. Quinine methochloride blocked the vagus at about the 
same concentration as quinine but quinine ethochloride was effective at about 
half this concentration. Three other derivatives of cupreine blocked the vagus 
in the same range of concentration but hydroxy etliylapocupreine showed no 
effect up to 14.9 mgm. per liter. All of the active drugs decreased the cardio- 
inhibitory effect of vagus stimulation at plasma concentrations considerably 
below those required to cause complete vagus block. 

3. All of these agents caused a depression of blood pressure, the degree of 
this effect being closely related to the concentration of the infusion fluid. It 
is in part due to a slowing of the heart rate. 

4. The possibility that these agents exert a blocking action on all periph- 
eral neuromotor junctions, autonomic as well as skeletal, is considered. 

5. Data on the rates of intravenous administration of these drugs necessary' 
to achieve effective plasma concentrations arc presented with a discussion of 
the factors involved. 
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In previous communications the acute and chronic toxicity of isopropyl 
alcohol in experimental animals and the rate of metabolism in dogs were reported 
(1, 2). The present paper deals with observations on the effects of habitual 
consumption of isopropyl alcohol in dogs, the relationship between dosage and 
rate of fall of blood alcohol in various species, and the effects of continued drink- 
ing on successive generations of white rats. 

I. Acquired tolerance to isopropyl alcohol. The occurrence of toler- 
ance to isopropyl alcohol in animals has been reported (3). The statement 
has been made that rabbits do not become tolerant (4). A possible explanation 
was offered that the mechanisms involved are an accumulation of the alcohol 
due to slow detoxicating and production of a depressant metabolite such as 
acetone. 

Because of the ease with which isopropyl alcohol can now be obtained, some 
hazard from habitual consumption does exist and increased toxic manifestations 
as a result of regular or frequently repeated consumption could be a serious 
complication. No delayed toxic action was noted in rats which consumed the 
alcohol continuously for six months (1). However, under these ciitumstances 
detoxication may have kept pace with intake, a condition which might not ob- 
tain if inhibition were more intensive for short periods daily. 

This phase of the problem had a two-fold purpose: to ascertain whether an 
acquired tolerance to isopropyl alcohol can develop in the dog, and whether 
chronic intoxication is distinct from acute poisoning. 

Each of three adult dogs was given a test dose of isopropyl alcohol intravenously. The 
alcohol was diluted to a concentration of 20 per cent in normal saline solution (0.9 per cent 
sodium chloride) and given at the rate of 0.25 cc. per kilogram per minute by gravity into 
a leg vein. DogB 1 and 2 received 3.84 cc. and dog 3 received 2.56 cc. of absolute alcohol 
per kilogram. These quantities represented J and J of the acutely fatal intravenous dose 
(1). Wood isopropyl alcohol determinations were made as previously described (2) on 
blood from a leg vein taken at appropriate intervals after completion of the injections. 
The degrees of drunkenness were recorded for each animal at the same time employing 
Newman’s scale (5). After these control determinations were made the habituation period 

’This report is part of the project which involves a complete pharmacologic investiga- 
tion of isopropyl alcohol and is supported by the Standard Alcohol Company of New York, 
through courtesy of Mr. James Park. 
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was begun by placing the dogs on a fluid intake consisting solely of a solution of isopropyl 
alcohol and water, beginning with a 1 per cent concentration which was gradually increased 
to 4 per cent during the course of one month. Drinking was permitted only for one hour 
in the morning in order to insure daily high concentrations of blood alcohol. They were 
maintained on this regimen for 6 months. Under these conditions the animals became 
definitely inebriated once a day to about stage 4 of Newman’s scale, that is, they were able 
to walk briskly, but were grossly ataxic. During the 6 months’ period the dogs imbibed 
an average of 15.5 cc. of isopropyl alcohol daily, which represented 1.6 cc. per kilogram 
of body weight. Since isopropyl alcohol has been shown to possess about twice the de- 
pressant potency of ethyl alcohol, the animals drank an amount of the alcohol which was 
the equivalent of a pint of 90 proof whiskey daily for a 70 kilogram man. 

During the period of habituation, and at intervals of approximately 2 weeks, blood iso- 
propyl alcohol determinations were made 1 hour after the daily imbibition. These values, 
varying from 64 mgm. per cent of 114 mgm. per cent, correlated well with the concentra- 
tions found in dogs which received I of the acutely fatal gastric dose, or 1.87 cc. per 
kilogram. The only physical deterioration which was observed occurred in dog 1 in 
which a weight loss of 1.5 kgm. from the initial weight of 10 2 kgm. was noted. 

At the end of the habituation period the test dose was repeated and the animals subjected 
to the same procedure as before. When these observations were completed the dogs v. ere 
sacrificed and submitted for pathologic study with particular attention to the gastrointes- 
tinal tract and the central nervous system. 

Prolonged imbibition and tolerance. Figure 1 presents the blood isopropyl 
alcohol curves and degrees of intoxication for the individual dogs before and 
after habituation. It may be seen that the concentration of 'the alcohol in 
the blood at the end of the first hour in the abstinent animals following the test 
dose is almost coincidental with that found after habituation. Significant in- 
crease in the rate of fall of blood alcohol appeared in the second hour and al- 
though there was some variation among the individual dogs the slopes of the 
curves throughout the period of observation were more acute for the animal 
after habituation than before. The application of Widmark’s formula (7) to 
the metabolic rates also emphasizes this fact In dog 1 the alcohol was removed 
from the blood stream 110 per cent faster than before habituation. Dog 2 
showed an increase of 4 per cent and dog 3 an acceleration of 44 per cent over 
the rate established in the abstinent state. 

The degree of drunkenness after habituation showed a consistentdecrease 
in all dogs especially after the third hour. Dog 3 demonstrated this to a greater 
extent than the other animals. There is probably some correlation between the 
extent of neuromuscular coordination and increased rate of fall of blood iso- 
propyl alcohol after habituation, but when the blood alcohol concentrations 
and degrees of drunkenness are compared in dog 2 the correlation is not so 
marked. The development of an acquired tolerance offers the only reasonable 
explanation of the changes seen. 

Pathologic changes in viscera and brain. Dog 1 was found dead 36 hours after 
completion of the second test dose procedure. Dogs 2 and 3 w ere sacrificed 
at this time and Dr. M. E. Maun, of the Department of Pathology of Wayne 
University, examined sections of the heart, blood vessels, liver, kidneys, spleen, 
stomach, duodenum and ileum. The gastrointestinal tract of all animals 
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stowed no evidence of pathologic changes. The significant changes in the 
other organs were limited to the kidneys of dog 1. These tissues revealed a 
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decrease in the number of nephrons with hydropic changes and necrosis of some 
of the tubular epithelium. 

1 ho brains "ore examined by Dr. Gabriel Steiner, of the Brain Disease Regis- 
try of Vtaync t Diversity. The brain of dog 1 showed a subcortical pale spot 
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was begun by placing the dogs on a fluid intake consisting solely of a solution of isopropyl 
alcohol and water, beginning with a 1 per cent concentration which was gradually increased 
to 4 per cent during the course of one month. Drinking was permitted only for one hour 
in the morning in order to insure daily high concentrations of blood alcohol. They were 
maintained on this regimen for 6 months. Under these conditions the animals became 
definitely inebriated once a day to about stage 4 of Newman’s scale, that is, they were able 
to walk briskly, but were grossly ataxic. During the 6 months’ period the dogs imbibed 
an average of 35.5 cc. of isopropyl alcohol daily, which represented 2.6 cc. per kilogram 
of body weight. Since isopropyl alcohol has been shown to possess about twice the de- 
pressant potency of ethyl alcohol, the animals drank an amount of the alcohol which was 
the equivalent of a pint of 90 proof whiskey daily for a 70 kilogram man. 

During the period of habituation, and at intervals of approximately 2 weeks, blood iso- 
propyl alcohol determinations w ere made 1 hour after the daily imbibition. These values, 
varying from 64 mgm. per cent of 114 mgm. per cent, correlated well with the concentra- 
tions found in dogs which received i of the acutely fatal gastric dose, or 1.87 cc. per 
kilogram. The only physical deterioration which was observed occurred in dog 1 in 
which a weight loss of 1.5 kgm from the initial weight of 10.2 kgm. was noted. 

At the end of the habituation period the test dose was repeated and the animals subjected 
to the same procedure as before. When these observations were completed the dogs were 
sacrificed and submitted for pathologic study with particular attention to the gastrointes- 
tinal tract and the central nervous system. 

Prolonged, imbibition and tolerance. Figure 1 presents the blood isopropyl 
alcohol curves and degrees of intoxication for the individual dogs before and 
after habituation. It may be seen that the concentration of ‘the alcohol in 
the blood at the end of the first hour in the abstinent animals following the test 
dose is almost coincidental with that found after habituation. Significant in- 
crease in the rate of fall of blood alcohol appeared in the second hour and al- 
though there was some variation among the individual dogs the slopes of the 
curves throughout the period of observation were more acute for the animal 
after habituation than before. The application of Widmark’s formula (7) to 
the metabolic rates also emphasizes this fact. In dog 1 the alcohol was removed 
from the blood stream 110 per cent faster than before habituation. Dog 2 
show ed an increase of 4 per cent and dog 3 an acceleration of 44 per cent over 
the rate established in the abstinent state. 

The degree of drunkenness after habituation showed a consistentdecrease 
in all dogs especially after the third hour. Dog 3 demonstrated this to a greater 
extent than the other animals. There is probably some correlation between the 
extent of neuromuscular coordination and increased rate of fall of blood iso- 
propyl alcohol after habituation, but when the blood alcohol concentrations 
and degrees of drunkenness are compared in dog 2 the correlation is not so 
marked. The development of an acquired tolerance offers the onh’ reasonable 
explanation of the changes seen. 

Pathologic changes in viscera and brain Dog 1 w as found dead 36 hours after 
completion of the second test dose procedure. Dogs 2 and 3 were sacrificed 
at this time and Dr. M. E. Maun, of the Department of Pathology of Wayne 
University, examined sections of the heart, blood vessels, liver, kidneys, spleen, 
stomach, duodenum and ileum. The gastrointestinal tract of all animals 
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showed no evidence of pathologic changes. Hie significant changes in the 
other organs were limited to the kidneys of dog 1. These tissues revealed a 
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decrease in the number of nephrons with hydropic changes and necrosis of some 
of the tubular epithelium. 

The brains were examined by Dr. Gabriel Steiner, of the Brain Disease Regis- 
try of Wavnc University. The brain of clog l showed a subcortical pale spot 
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with a small central hemorrhage, leucodiapedesis and microglial reaction. 
In dog 2 a few small capillary hemorrhages in the walls of the third ventricle 
were seen. No abnormal changes were found in the brain of dog 3. 

The structural defects which may have caused the death of dog 1 could not 
be ascertained. It would appear that nervous tissue is more sensitive to the 
actions of isopropyl alcohol than are the kidneys. 

II. Rate of disappearance of isopropyl alcohol from the blood stream 
in various species. The rate of decline of isopropyl alcohol in the blood 
stream in dogs was shown to be dependent upon alcoholic concentration (2). 
A low dose invariably resulted in a slower decline than did a high dose. Similar 
studies with ethyl alcohol in several species showed that the alcohol metabolism 
proceeded at a constant rate regardless of the dosage (6). It was of interest, 
therefore, to determine whether or not the variable decrease inalcoholemia 
found in the studies of isopropyl alcohol in dogs was peculiar to that species or 
a common phenomenon among vertebrates. 

The observations were extended to include the following animals: cat, rabbit, 
rat and pigeon. For the purpose of comparison under similar conditions a series 
of observations was repeated on dogs. Each species was divided into two groups 
of three animals each, one group receiving a low dose, or 0 987 grams (1.25 cc.) 
per kgm., the other receiving a high dose, or 1.974 grams (2 5 cc.) per kgm. 
The alcohol was given intravenously and one hour was allowed after injection 
for equilibration between blood and tissues before blood samples were taken for 
analysis. Blood alcohol concentrations Mere follon'ed at hourly intervals for 
six hours. Math blood taken from the heart in rabbits and pigeons and from 
peripheral veins in dogs and cats Because of their small size, a group of 18 
rats each was used for the low and high dose schedules. One-third of each group 
was sacrificed at hourly intervals one hour after injection and a sample of blood 
taken from the heart. The factor r which represents the mean alcohol concen- 
tration of the M’hole body expressed as a fraction of the concentration in the 
blood, Beta, or rate of dechne of blood alcohol concentration in mgm. per gram 
of blood per minute, and Co, or the theoretical concentration of isopropyl alcohol 
in the blood immediately after injection, were determined by the method de- 
vised by TVidmark (7) for ethyl alcohol. The data for each species are presented 
in table 1, with a summary of averages in table 2. 

A significant feature of these tables is that the factor r for rabbits, rats and 
pigeons exceeds unity. This indicates that either there is initially a very rapid 
metabolism of the alcohol, or that there is a storage in the tissues in a concen- 
tration greater than appears in the blood stream. The first of these concepts 
is supported by both the higher r values for the low dose as compared with the 
high dose, and Beta udiich is larger foi the high dose than for the low dose. 
Further confirmatory evidence for the acceleration hypothesis is found in a 
study of distribution of isopropyl alcohol in the body tissues of dogs (8). The 
high concentrations of the alcohol which were found in blood and heart muscle 
as compared with the other tissues examined 4 hours after the animals had re- 
ceived approximately 4 cc. per kilogiam by stomach is not in accord with the 
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thesis of tissue storage. The values for r and Beta for the dog show tendencies 
similar to those observed in rodents and fowls. Beta in this instance was found 
to be almost twice as great for the high as for the low dose. There is apparently 
a difference between the cat and the other species as regards the fate of the 
injected alcohol. Beta is about equal for both dosage schedules which would 
indicate a constant rate of metabolism regardless of the dose used. As might 
be expected, Beta is significantly greater in pigeons than in mammals. 

III. Effects of continued voluntary drinking of isopropyl alcohol on 
successive generations of white rats. It has been demonstrated that ethyl 
alcohol can have detrimental effects on the reproductive functions and embryonic 
development in guinea pigs (9). This was especially pronounced when alcoholic 
individuals were mated. To ascertain the influence of isopropyl alcohol on 
reproduction and growth in mammals the procedure of voluntary drinking was 
adopted and studied in white rats. Offspring from the control animals em- 
ployed in the original chronic toxicity experiments (1) w'ere used. Six females 
and 3 males w r ere selected and when 38 to 40 days old the segregated sexes were 
placed on the standard diet and 2 5 per cent isopropyl alcohol in the drinking 
water. When the rats v'ere 120 days old they were mated according to the 
Wistar method (10). This was repeated through 2 generations. Selection of 
the 2.5 per cent concentration of the alcohol was based on preliminary experi- 
ments as being the most satisfactory for the purpose. When nursing young 
reached the age when additional fluid intake became necessary the animals 
refused to drink concentrations higher than 2 5 per cent and invariably died of 
dehydration. 

Results. The six matings produced 4 litters totaling 44 young. The mating 
of 13 females in the first generation produced 11 litters of from 4 to 12 rats each, 
or a total of 66 second generation offspring. Two groups of 10 males and females 
each of approximately equal weight and age were selected from the latter. 
Five animals from each group were placed on water and their growth rate com- 
pared with the alcoholized rats. Growth curves of the several series of rats 
were charted, using the log of the weight and the reciprocal of time as coor- 
dinates (11). Figure 2 presents a summary of the data. 

It is seen that there is no significant difference in the rate of grow’th of second 
generation alcoholized rats as compared with a similar group placed on water 
and control non-alcoholized animals. There was some retardation of groivth 
in the first generation offspring of alcohol-fed rats during the early weeks of 
life but they were rapidly approaching the controls by the 13th w eek. 

The daily isopropyl alcohol intake per kilogram of the original mothers and 
fathers was 1 87 cc , that of the first generation, 1.76 cc , and of the second 
generation, 1.64 cc. The nursing young were also imbibing the alcohol through 
the mother’s milk as demonstrated by analysis of various organs from 5 first 
generation animals which were sacrificed when 20 days old The combined 
livers yielded 52.5 mgm. per cent; the stomach, 78 0 mgm. per cent; and the 
brains, 4.7 mgm. per cent. It seems reasonable to assume therefore that, with 
the exception of some retardation of growth early in the life of first generation 
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rats, isopropyl alcohol comprising 2.5 per cent of the fluid intake does not pro- 
duce any deleterious effects on the reproductive functions and embryonic de- 
velopment in white rats. 




Fig. Ern.cT or Comtikukd \ oevntary Drinking of 2.5 Peb Cent Isopboptt, 
aicohoi. (l.l .A.) i.v Water on Bodv Weight of Successive Generations 
or White Rats 

Discussion. The toxicity of isopropyl alcohol has been likened to that of 
methyl alcohol in which the protracted and cumulative action is ascribed to slow 
metabolism and excretion . It is evident from the data on the rate of metabolism 
in the various species that isopropyl alcohol is disposed of rapidly and does not 
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remain in the blood stream much beyond 24 hours even with quantities as large 
as J of the acutely fatal intravenous dose administered to dogs. Likewise the 
concept of cumulative tendencies and production of harmful intermediate 
metabolites is not supported by the facts herein reported. The habituation 
studies in dogs demonstrated that large quantities of isopropyl alcohol can be 
imbibed over short periods daily without evoking cumulative actions. These 
animals which were definitely inebriated 3 to 5 hours daily for one-half year 
fared well on a standard dry diet and 4 per cent alcohol. At the beginning of 
each drinking bout the behavior of the dogs was that of any normal health}' 
animal. Furthermore, the studies of alcoholism in mammals have shown that 
although ethyl alcohol administered daily to guinea pigs does not greatly dis- 
turb the physiologic processes, a marked influence is exerted on the germ cells 
and developing embryos. The absence of any effect of isopropyl alcohol on 
the reproductive functions on successive generations of white rats voluntarily 
drinking concentrations up to the limit of tolerance for very young animals 
would argue against a delayed toxicity or the production of harmful interme- 
diate metabolites. 

Further consideration of the problem of isopropyl alcohol metabolism reveals 
that there is a relationship between dosage and rate of oxidation. Taking the 
average values for Beta for dogs, rabbits, rats and pigeons it is seen that doubling 
the dose increased the rate of fall of blood isopropyl alcohol by 95 per cent, 44 
per cent, 60 per cent, and 42 per cent, respectively. Cats do not show this 
response to the same degree as do the other species. Actually, a 15 per cent 
increase was noted. It is equally evident that no direct proportionality be- 
tween the blood alcohol concentration and rate of disappearance exists, since 
the average blood alcohol concentration for the high dose in each species is 
approximately twice that for the lower dose, while the higher rates of metabolism 
vary from 15 per cent in cats to 95 per cent in dogs. 

A comparison of the metabolic rates of ethyl and isopropyl alcohol also shows 
that these two substances must be detoxified by different mechanisms. The 
curve of blood ethyl alcohol concentration plotted against time is linear in form, 
although the rate is dependent to some extent on the dosage. Each doubling 
of the dose increases rate of fall by approximately 17 per cent (12). Id contrast 
to this the blood isopropyl alcohol curves show considerable deformations and 
are exponential in character. Calculations of actual differences of the two al- 
cohols in the several species for which data are available show that ethyl alcohol 
is more rapidly oxidized than is isopropyl alcohol. The value for Beta in dogs 
on the high isopropyl alcohol dose is the only exception. Taking the highest 
average values for Beta for the various species in the isopropyl series and calcu- 
lating the percentage difference for the two alcohols, it is found that dogs me- 
tabolize isopropyl alcohol approximately 57 per cent faster than ethyl alcohol. 
On a similar basis, cats bum ethyl alcohol 39 per cent faster; rabbits 46 per cent 
faster; and pigeons 8 per cent faster. In general this supports the contention 
of other investigators that the destruction of isopropyl alcohol in the body is 
slow. 
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CONCLUSIONS 

1. Prolonged imbibition of large amounts of isopropyl alcohol daily for a 
period of 7 months renders dogs tolerant to the alcohol. This tolerance was 
manifested by a greater degree of neuromuscular coordination at similar blood 
alcohol concentrations after habituation than before, and by an increased elimi- 
nation of the alcohol. A careful study of the structural defects of important 
viscera from the animals sacrificed after the period of habituation indicated that 
the central nervous system may be more sensitive to the action of isopropyl 
alcohol than other tissues, but kidneys may be damaged. 

2. The rate of isopropyl alcohol metabolism after intravenous administration 
in dogs, cats, rabbits, rats, and pigeons as determined from post-absorptive 
blood levels is dependent on the dosage. The elimination of the alcohol on a 
low dose is most rapid in the pigeon, somewhat slower in the other 4 species. 
On a high dose elimination is most rapid in the pigeon, somewhat less rapid in 
the dog and rat, and least rapid in the rabbit and cat. It is suggested that the 
rate of disappearance may be dependent upon physiologic mechanisms peculiar to 
each species rather than upon metabolic rate and ratio of surface area to weight. 

3. Continued voluntary' drinking of 2.5 per cent isopropyl alcohol through 2 
successive generations of white rats produced no effect on reproductive func- 
tions and embryonic development. The progeny derived from the treated 
animals showed no deviations from the normal. The growth of the first gen- 
eration offspring was retarded during the early weeks of life but essentially nor- 
mal growth was established by the 13th week. 

4. The ingestion of large amounts of isopropyl alcohol in dogs at regular 
daily intervals failed to evoke any evidence of cumulative action. No secondary 
toxic manifestations as a result of harmful intermediate metabolites were ob- 
served, and it would appear that chronic toxicity differs in no way from acute 
poisoning. 

5. Isopropyl alcohol is metabolized at a slower rate than is ethyl alcohol. 
Dogs on a high dose offer the only exception. The curves of post-absorptive 
blood isopropyl alcohol concentrations are exponential in character as con- 
trasted with those of ethyl alcohol which are linear. 
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In a previous communication. (1), it was reported that the Z-i somers of desoxy- 
ephedrine, benzedrine, isobenzedrine, propadrine, and pseudo-propadrine are 
more potent in raising blood pressure than the d-isomers. It was also shown 
that the Z-mandelates of Z-benzedrine and d-isobenzedrine are more powerful 
than the d-mandelates of Z-benzedrine and d-isobenzedrine, respectively, indi- 
cating the favorable influence of Z-mandelic acid on blood pressure. The latter 
is particularly interesting and merits further investigation. In order to extend 
the study, additional sympathomimetic amines were employed and the man- 
delates prepared. The compounds are listed in table 1. 

TABLE 1 


Comparison of pressor action in pithed dogs 


COMPOUND 

i 

MP. 

SPECIFIC 

ROTATION 

DOSE 

RANGE 

TESTED 

NUMBER 

OP 

DOCS 

XJSED 

GEOMETRIC* t MEAN- 
OP EPINEPHRINE 
EQUIVALENT O T 

1 UG. zt STANDARD 
ERROR 


m C 



mg. 


PC- 

Z-Ephedrine Z-mandelate. . . . 

169-170 

MS 

-72.6° j 

5-15 

8 

2.36 ± 0.26 

Z-Epbedrine d-mandelate . . . 

100-106 

Ho 

+23.6° 

6-15 

8 

1.99 ± 0.23 

5 -Pbenylethylamine Z-mandelate. 

127-128 

Ho 

-66.5° 

3-10 

9 

3.49 ± 0.32 

0 -Phenylethylamine d-mandelate 

126-127 

Ho 

+66.0° 

5-15 

8 

3.67 ± 0.38 

Tyramine Z-mandelate 

159-160 

Ho 

-40.0° 

4-20 

6 

4.32 =fc 0.52 

Tyramine d-mandclate . 

166-167 

Ho 

+65.0° 

5-14 

5 

4.32 ± 0.55 

Z-Mandelic acid 

133-134 

MS 

-350.0° 

20-60 

5 

0 

d-Mandelic acid 

133-134 

Ho 

+150.0° 

20-60 

5 

0 

f-2-Aminobeptane sulfate 

245-247 

MS 

+2.7° 

5-14 

7 

2.19 ± 0.20 

dZ-2-Aminoheptane sulfate. . . 

250* 



5-12 

5 

3.06 ± 0.14 

d-2-Aininotieptane sulfate 

244-247 

MS 

-2.2° 

5-10 

7 

4.21 ± 0.23 

d-2-Aminobeptane d-mandelate 

137-139 

MS 

+62.0° 

6-12 

5 

3.15 + 0.24 

d- 2 -Aminobeptane Z-mandelate .. 

121-122 

HS 

-66.0° 

6-15 

5 

1.76 =1= 0.20 

Z-2-Aminobeptano Z-mandelate. . 

137-139 

H5 

-62.5° 

10-20 

5 

1.2S ± 0.25 

Z-2-Aminoheptane d-mandelate . 

116-317 

HS 

+66.0° 

14-20 

5 

0.95 ± 0.17 


* Beginning to decompose at this temperature. 
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The first 8 compounds were made according to the method of Jarowski and 
Hartung (2) by one of us (F. A. S.). The remaining 9 compounds were kindly 
supplied by Drs. Ewald Rohrmann and Ming-Chien Chiang. The melting 
points and specific rotations have also been recorded, as shown in the table. 
The synthesis of aminoalkanes, including 2-aminoheptane, has been published 
by Rohrmann and Shonle (3). The method of estimating the pressor action of 



d-MANDELATE 8 MG. I-MANDELATE iJIM 

Fia. 1. Comparison of Pressor Action in Pithed Dogs 
A, B, C, and D designate results from 4 different dogs. All the numbers on the left-hand 
side of each tracing indicate the doses of epinephrine in jig., injected intravenously. 

each substance in pithed dogs was the same as previously described (1). A 2% 
solution was used in each case. Doses varied according to the activity of the 
compound and the sensitivity of the dog. Injections were all made intravenously'. 

The plan of study was to ascertain whether or not (a) Z-mandelates of other 
amines were always more potent than the rf-mandelatcs of the same isomers; 
(b) l- or rf-mandclic acid had any pressor action by itself; and (c) optical isomers 
of aliphatic amines showed the same pattern as the aromatic amines. 
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The results of the pressor action of the present series ape shown in table 1. 
Since all compounds exhibit, to a more or less degree, tachyphylaxis, groups of 
5 to 9 dogs were individually tested for each isomer against epinephrine. It 
should be observed that Z-ephedrine Z-mandelate has a predominant tendency of 
being stronger than Z-ephedrine d-mandelate, confirming our previous data (1). 
However, the Z-mandelates of optically inactive bases, such as, /3-phenylethyl- 
amine and tyramine, showed no superiority to the d -mandelates. The difference 
between /?-phenvlethylamine Z-mandelate and /3-phenyl e thy 1 ami n e d-mandelate 
was less than 1 standard error, while the values for tyramine Z-mandelate and 
tyramine d-mandelate were identical. Both isomers of mandelic acid are 
inactive. It appears that among the aromatic amines it requires optical activity 
of the amine in order to elicit the increase of action by Z-mandelic acid on the 
blood pressure. 

With 2-aminoheptane sulfate, an interesting feature appeared; namely, the 
?-isomer has a dextrorotation in aqueous solution; and the d-isomer, a levorota- 
tion. This has been known as the “acid-effect” (4), although the explanation of 
the reversal of optical rotation is not as yet available. Equally interesting is the 
fact that d-2-aminoheptane sulfate is almost twice as active as its Z-enantiomorph. 
An example of comparison is given in figure 1, A and B. The racemic mixture, 
that is, dZ-2-aminoheptane sulfate, is intermediate in its pressor action, as shown 
in table 1. In contiast to the sulfates, the d-mandelate of d-2-aminoheptane, 
dextrorotatory in w'ater, is decidedly more powerful than the Z-mandelate of 
d-2-aminoheptane (see ‘figure 1, C and D). Also, the Z-mandelate of 1-2- 
aminoheptane, levorotatory in water, surpasses the activity of the d-mandelate 
of Z-2-aminoheptane, the difference being greater than 1 standard error. These 
data further demonstrate that the optically active mandelic acids when neutral- 
ized with optically active sympathomimetic amines to form salts are capable of 
enhancing the pressor activity of the latter. The explanation for such modifica- 
tion of action must be left for the future. 

SUMMARY 

1 . Of the sympathomimetic drugs, the Z-mandelate of optically active aromatic 
amines appears to be more active in raising the blood pressure of pithed dogs 
than the d-mandelate of the same isomer, as exemplified by Z-ephedrine and 
other previously reported compounds. 

2. No difference in piessor action can be detected between the enantiomor- 
phous mandelates of optically inactive amines, such as /S-phenylethjdamine and 
tyramine. 

3. Neither Z- noi d-mandehe acid raises blood pressuie. 

4. Of the 2-aminoheptaae sulfates, the d-isomer having levorotation m u liter 
is almost twice as active as the Z-isomer, which has a dextrorotation, the dZ- 
isomer being intei mediate between the two. 

5. Differences in piessor action can be also detected between the enantio- 
morphous mandelates of d-2-aminoheptane and those of Z-2-aminoheptane. 
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Demerol is the ethyl ester of l-methyl-4-phenyl isonipecotic acid. It is prob- 
able that hydrolysis of the ester occurs in the body and that this is part of the 
mechanism by which the drug is inactivated. It was therefore of interest to 
study the hydrolysis in vitro in order to determine the distribution, properties, 
and specificity of the enzyme involved. 



Fig. 1 

Experimental. The demerol was supplied by the Winthrop Chemical 
Company. It is stable and shows no appreciable hydrolysis at pH 8.1 but 
begins to hydrolyze spontaneously at approximately pH 9.0. The isonipecotic 
acid formed is apparently a very weak acid -with a pH near that of carbonic 
acid. Consequently it will not completely displace the theoretical amount of 
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carbon dioxide from a solution of sodium bicarbonate in equilibrium with 5% 
carbon dioxide in the atmosphere. Despite this, the manometric method was 
used for these experiments, 'for it is more convenient and accurate than titri- 


D06 LIVER 



Fio. 2. The Errr.cr or Various Concentrations or Eremne and or Sodium 

TLCOIUDE ON T1IE HYDROLYSIS Or -5.0 MO. DEMEROL 

metric methods. The ground tissue was suspended in M/20 phosphate buffer 
and M/20 NaHCOj and the vessels were filled with 95% nitrogen and 5% COt 
and equilibrated before adding the drug. The final pH was 8.1. The increase 
in pressure due to the displacement of the carbon dioxide by the acid formed 
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ivas measured in the usual way in the Warburg manometers. Ethyl alcohol is 
the other pioduct of hydrolysis. If small amounts of oxygen remained in the 
vessels it was possible that the alcohol would be oxidized by the alcohol oxidase 
present in certain tissues. In order to avoid this source of error cyanide was 
added. This completely' inhibits the alcohol oxidase and has no effect on the 
course of the hydrolysis of demerol. 

The enzyme is present only in the liver. No hydrolysis occurred when brain, 
blood, kidney'', spleen, or heart tissue was used. It is present in the livers of 
puppies, rabbits, rats, guinea pigs, cats, turtles and frogs. This distribution 
differentiates the enzyme fiom those which hydrolyze atropine and homatropine 
for the latter are found only’ in guinea pig liver-and rabbit liver and blood (1, 2). 
Figure 1 illustrates this point. Rat. liver lyd roly zes demerol but not homatro- 
pine whereas rabbit blood hy'drolyzes homatropine but not demerol. Figure 1 
also shows the amount of caibon dioxide evolved is proportional to the amount 

TABLE 1 


The hydrolysis of lf.0 mg. demerol by different amounts of dog liver suspension at pH 8.1 

and 37° 

The figures arc c.mm. carbon dioxide evolved. The control values have been subtracted 


TIME 

0 3 cc. 

0 6 CC. 

0 9 CC. 

min. 

e m m 

c mm. 

c mm. 

20 

30 

50 

57 

40 

42 

60 

69 

60 

47 

72 

81 

SO 

56 

S5 

96 

105 

6S 

02 

102 

165 

S6 

100 

115 


of demerol present but the evolution al way's stops before the theoietical amount 
is attained. The late of hydrolysis but not the end point is affected by the 
amount of tissue present. This is shown in table 1. 

The activity of the enzyme is completely inhibited by M/50 sodium fluoride. 
Eserine in comparatively' low concentrations also inhibits it. Figure 2 illus- 
trates these facts. The sensitivity' of the enzyme to eserine differentiates it 
from the simple esterases and from the mandelic acid esterases which are not 
inhibited by the concentrations of the drug that affect the demerol esterase. 
Stable preparations of the latter can be made if the tissue suspension is treated 
twice with 4 volumes of acetone and then dried. The enzyme is present in 
liver that has been perfused free of blood and if tissue suspensions are diluted 
with water and centrifuged, the enzyme is present in the supernatant fluid and 
is therefore associated with the more soluble proteins. 

Discussion. It is not possible at present to state what normal function 
the enzyme that hydroly'zes dcmeiol performs. Its presence in the livers of all 
the animals tested indicates that it may be hydrolyzing esters with configura- 
tions similar to that of demerol. Its distribution shows that it is distinct from 
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the tropine esterases and the cholinesterases. The latter are inhibited by deme- 
rol (3). The enzyme’s sensitivity to eserine distinguishes it from the simple 
esterases. It is becoming ever more apparent that there are specific enzymes 
present in tissue for even- drug inactivated in the body. 

SUMMARY 

1. Demerol is hydrolyzed by the livers of various animals but not by any of 
the other tissues tested. 

2. The hydrolysis is inhibited by eserine and by fluoride. 

3. The enzyme responsible for the hydrolysis is distinct from the tropine 
esterases, cholinesterases, and the esterases which hydrolyze aliphatic esters. 

REFERENCES 

1. Bebsheui, F,, and M. L. C. Bernheim: This Journal, 64: 209, 1938. 

2. Glick, D., and S. Glaubach: J. Gen. Physiol., 26: 197, 1941. 

3. Brindley, C. 0.: Federation Proc., 3: 5, 1944, 



BIOLOGICAL COMPARISON OF LOCAL ANAESTHETICS 

EDITH BtlLBRING and ISABELLA WAJDA 
From the Department of Pharmacology, Oxford 

Received for publication June 12, 1945 

There is at present no wholly satisfactory method for estimating the potency 
of local anaesthetics. It is generally realized that the method employed mukt 
vary according to the nay in which the local anaesthetic will be applied and that 
the results obtained by different modes of application differ widely. 

Sollmann’s (1) method using plexus anaesthesia in frogs, gives an indication 
not only of the effective concentration but also of the power of penetrating nerve 
sheaths. It has been customary to determine the minimum effective concen- 
tration and the time taken for the onset of anaesthesia. Sinha (2) based his 
method on the duration of anaesthesia. He used the intracutaneous human 
wheal and found that there was an approximate linear relation between the 
logarithm of the concentration of the local anaesthetic used and its duration of 
action. McIntyre and Sievers (8, 4) used guinea-pigs for the intracutaneous 
wheal. The endpoint of local anesthesia is, however, hard to determine ac- 
curately. Macintosh and Work (5) argued that the measurement of the in- 
tensity of anesthesia was more important than that of the duration, as this 
can be modified by adding adrenaline. They compromised by using an index 
based on both duration and intensity, trying to find the concentration necessary 
to produce full anaesthesia for a standard time of five minutes. Recently 
Chance and Lobstein (6) introduced a new method of using the guinea-pig’s 
cornea.- The corneal reflex was tested 6 times in succession at regular intervals 
and thus a certain number of responses out of six possible responses was ob- 
tained. This method provided a quantitative expression for a degree of anaes- 
thesia less than complete anaesthesia. 

In contrast to Chance and Lobstein we_found the guinea-pig’s intracutaneous 
wheal a better test than the corneal reflex. The gumea-pigs frequently fail to 
blink even if the cornea is not anaesthetised, but they give a prompt and reli- 
able reaction to a light pin-prick of the skin. This is in agreement with the 
experience of Macintosh and Work. We therefore applied the method of 
Chance and Lobstein to the intracutaneous wheal method in guinea-pigs, using 
several concentrations of the local anesthetic and thereby obtaining various de- 
grees of anaesthesia instead of producing the maximum effect. Similarly we 
have cfevefoped a method based on plexus anaesthesia in frogs, making no at- 
tempt to estimate the minimum anaesthetic dose, but establishing a relation 
between different concentrations and their effects. 

Method. 1. Intracutaneous wheal in guinea pigs Fully grown guinea-pigs are chosen. 
On the day preceding the experiment the hair on the back is clipped and two areas of 4-5 
cm. diameter are shaved. This produces a certain amount of irritation ~ 
overnight. The sensitiveness of the skin is greatest in the midline and 
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in the front area than in the back area. For this reason each concentration of a local 
anaesthetic must be tested in both areas. Sis teBta using three guinea-pigs can be per- 
formed simultaneously. The dose is always injected intracutaneously in 0.2S cc. saline. 
Three guinea-pigs receive one dose in the front area and another dose in thehack area; 
the size of the wheal is marked with ink. The reaction to pin prick is tested'five minutes 
after the injection in the following way. After observing the animal’s normal reaction 
to a prick applied outside the wheal, six pricks are applied inside the wheal and the number 
of pricks is counted to which the guinea-pig fails to react. The pricks are applied at 
intervals of about 3-5 sec. The test of six pricks is applied every 5 minutes for 30 minutes. 

TABLE 1 


Number of pricks ( out of six) failing to elicit a response after inlraculancous injectionof 
nupercatne in guinea-pigs 



0.0125% 

0.025% 
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Mean sum for 30 minutes 17.5 ±1.76 
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3 

6 

6 

6 

0 

5 

6 

30 

i 

1 1 

H 

2 

3 

3 

5 

6 

0 

6 

3 

6 

Mean sum for 30 minutes 25.3 ±1.S6 

Mean sum for 30 minutes 35.2 ±0.66 


The number of times the prick fails to elicit a response during the 30 min. period is added 
up and the sum, out of a possible 30, gives an indication of the degree of anaesthesia. Hav- 
ing completed the test on three guinea-pigs, the same solutions are injected into three 
other guinea-pigs, but the solution which was used for the front is now used for the back 
area and vice versa. An experiment shown in table 1 determining the relation between dif- 
ferent concentrations of nupercainc and the degree of local anaesthesia may serve as an 
example Table 1 shows that an average response from 0 tests was obtained for each con- 
centration. After injecting 0.01251F nupercainc the guinea-pigs failed to respond to pin- 
pnev. only 10 time out of 30, whereas O.OKTc produced IT failures, 0.03<~c produced 25 
lamtres and 0 1 r produced almost full anaesthesia for 30 minutes. 
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2. Plexus anaesthesia in frogs. Rana temporaria are used which are kept in store at 4°C. 
No attention is paid to weight or sex. The frog is decapitated arid the upper part of the 
spinal cord is destroyed down to the level of the third vertebra. A transverse incision is 
made in the abdominal wall just below the sternum. The viscera are removed through this 
opening carefully exposing the lumbar plexus without damaging it. The frog is pinned to 
a vertical board. The solution of the local anaesthetic dissolved in 0.7% saline is put into 
the pocket formed by the loner abdomen. The amount of solution used is irrelevant as 
long as the plexus is submerged. A record is made of the time taken to abolish the reflex 
contraction to a sensory stimulus. No account is taken of the reflex time itself. The 
sensory stimulus is the immersion of both the frog’s feet once every minute into dilute 
HCI for not longer than 10 seconds, after which the feet are rinsed in water. The first 
solution used as stimulus is 0 05 N HCI, and when the frog fails to react, a stronger solution, 
0.1 N HCI, is tested and after that 0.2 N HCI is tested. At this point stronger acid also 

TABLE 2 


Time taken for the development of plexus anaesthesia in frogs 



fails to elicit withdrawal of the foot. The endpoint is determined in this way to avoid 
damaging the sensory nerve endings by repeated application of stronger acid than neces- 
sary. Three or four frogs can be tested simultaneously and for each the observation is 
made of the time taken by a given concentration of local anaesthetic to abolish the reaction 
to 0 2 N HCI. Table 2 illustrates an experiment carried out with three different concen- 
trations of cocaine. 

Results. One of the two methods used determines the time taken for the 
anaesthesia to develop. The other determines the intensity and duration of 
anaesthesia. It was found that for all local anesthetics tested the same range 
of concentrations produced anaesthesia of the nerve plexus of the frogs and of 
the sensory endings in the skin of the guinea-pig. 

For cocaine, however, there was a diffeience in the relation betueen^concen- 
tration and “anaesthetic effect" in the two methods, i.e. doubling the concentra- 
tion did not affect the time taken for anaesthesia to develop as much as it af- 
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Fig. 1. Plexus Anaesthesia in Frogs 

The graph shows the relation between the concentration of the local anaesthetic (ab- 
scissae) and the time of onset of anaesthesia in minutes (ordinates). N = nupercaine, 
C •» cocaine, /S-E = /S-cucaine, P - procaine. Each point represents the mean of 6-12 
observations. • 



Fig. 2. Intracutaneous Wheal in Guinea-Pigs 
The graph shows the relation between the concentration of the local anaesthetic (ab- 
rcis*ae) amt the numlier of times there was no response to a prick; total 30 pricks in 30 
minutes (ordinates 1 or nupercaine (N) each point represents the mean of G observe- 

f ° r 0 - eUCn,n ° of a " 15 observations, for 
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fected the duration and intensity of anaesthesia. If, as shown in figures 1 and 
2, the concentration of cocaine is increased from 0.05% to 0.2% the time of onset 
of anaesthesia is reduced to nearly one-third (fig. 1), but the duration and in- 
tensity of anaesthesia is increased five times (fig. 2). The vasoconstrictor ac- 
tion of cocaine is probably responsible for this difference as the change in the ef- 
fect produced by doubling the concentration was the same in the two methods 
for each of the other three anaesthetics. 

In both methods there was a linear relation between the anaesthetic effect 
and the logarithm of the concentration of cocaine used. For the other three 
local anaesthetics tested the relation was also approximately linear but while 
the lines for these anaesthetics were parallel to one another, they were not paral- 

TABLE 3 


Potency of p-eucaine in terms of cocaine 
(in brackets number of animals used) 


METHOD 

CONCENTRATION 

effect 

% POTENCY 

(COCAINE *• 100) 

Guinea-piga 

0.05% Cocaine 
0.1% Cocaine 
0.2% Cocaine 

0 1% /3-eucaine 

0 2% /3-eucaine 

3.3 (3) ±1.3 

16.2 (6) ±1.3 

33.3 (3) ±1.4 

4.0 (3) ±1.4 

16 8 (6) ±1 5 

53.8%1 

48.9%/ 

51.3% 

Frogs 

0.05% Cocaine 

0 1% Cocaine 
0.2% Cocaine 
0.1% /3-eucaine 
0.2% 0-eucaine 

20.2 (4) ±3.3 

9.5 (4) ±1.3 

5 0 (6) ±0 9 

17 2 (4) ±1.4 

11.5 (4) ±2.0 

54.9%\ 

47.7%/ 

51.3% 


lei to the line for cocaine, the slope of which was steeper. Consequently the 
relative potency could not be expressed in terms of cocaine, since it varied 
according to the concentration used for the test. If low concentrations were 
chosen the potency appeared to be greater, and if high concentrations were 
chosen the potency appeared to be less in terms of cocaine. Thus tests were 
carried out in the following way. A determination of the effect of two or three 
different concentrations of cocaine was always made on the same day as that 
on which the compound was tested. Two doses were chosen of the latter which 
were likely to have effects intermediate between the effects of cocaine. By 
plotting the results obtained with cocaine against the logarithm of the concen- 
tration used the relative potency of each concentration of the tested compound 
was determined graphically. Thus several figures were obtained in one ex J 
periment and by taking the average an approximate value could be calculated. 
An example of a test is given in table 3 from which it is seen that both the 
guinea-pig and the frog method gave the same final result, that /3-eucaine has 
51.3 per cent of the potency of cocaine. 

Procaine was found to be stronger when tested for plexus anaesthesia than 
by the intracutaneous wheal, whereas nupercaine was found to be stronger 
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when injected intracutaneously than when applied to the nerve plexus. The 
results obtained with the two methods are summarised in table 4. For the 
guinea-pig method the standard error of the mean was found to be about 10% 


TABLE 4 

Potency in terms of cocaine — 100 


SUBSTANCE 

INTEA CUTANEOUS WHEAL (CUINEA-PICS) 


PLEXUS ANAESTHESIA (FROGS) 


Low- 

est 

High- 

est 

Mean 

I 

Number of 
animals 
used for 
substance 

1 tested 

Number of 
animab 
used for 
cocaine 

Low- 

est 

High- 

est 

Mean 

Number of 
animals 
used for 
substance 
tested 

Number of 
animals 
used for 
cocaine 

Procaine 

8.5 

17.4 


m 

30 

40.5 

42.4 

per 

cent 

41.5 

12 ! 

■ 

0-cucainc 

48.9 

53.8 


■s 

12 

47.7 

54.9 

51.3 

8 

|S 

Nupercaine 

255 

315 

282.5 

| '12 

12 


224 1 

169.5 

14 




Pose 

Fig. 3. IxntACUTANf.ous IViieae in Guinea-Pigs 
.\t)sci"“ae “ concentration of local anaesthetic, Ordinates •= number of times there was 
no rc“pomo to a prick; total 3C pin-pricks in 30 minutes. The slope of the line obtained 
for procaine (H ) becomes steeper when 1 in 100,000 adrenaline is ndded (B) and Parallel to 
that for cocaine (A). * 


when 0 guinea-pigs were used for one concentration; it was about 13% for he 
frog method when 4 frogs were used for one concentrafion. 

Procaine is usually given together with adrenaline. It was interesting to 
see how the addition of adrenaline affected the slope of the line relating the 
anne.-thetie effort to the logarithm of the concentrafion of procaine. Figure 
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3 shows that without adrenaline the slope of the line of procaine is not so steep 
as that of cocaine, but when adrenaline 1 in 100,000 is added the line does not 
only shift towards the left (because lower concentrations become effective) but 
it also becomes parallel to the line of cocaine. In this experiment the potency 
of procaine in terms of cocaine was found to be 75% instead of 13.5% for pro- 
caine without adrenaline. 

Discussion. The two methods described follow well-known procedures, but 
they have been applied in such a way as to increase the accuracy. For this 
reason no determinations were made of threshold concentrations nor of maximal 
effects. The comparison was carried out in an intermediate range for which 
there is a linear relation between the logarithm of the concentration of the 
local anaesthetic and the anaesthetic effect in both the frog and the guinea-pig 
method. In the latter method, by applying six pricks every 5 minutes during a 
period of 30 minutes, an estimate of the degree of anaesthesia is obtained simul- 
taneously with that of the duration. This index obtained from 36 pricks in 
30 minutes was found to give a more accurate result than if the time was de- 
termined at which a 50% response, i.e. to 3 out of 6 pricks, occurred. 

From figures 1 and 2 it is seen that while the lines relating the logarithm of 
the concentration to the anaesthetic effect of j3-eucaine, procaine and nuper- 
caine are not parallel to that of cocaine, they are parallel to each other. This 
suggests that it may be advisable to use procaine rather than cocaine as a stand- 
ard for the assay of new compounds, but to add adrenaline when a comparison 
is made with cocaine, which itself has vasoconstrictor activity. 

SUMMARY 

1. Two methods are described for testing the potency of local anaesthetics. 

2 With a certain lange of concentrations a linear relationship exists between 
the logarithm of the concentration of the local anaesthetics which were examined 
and the time at which plexus anaesthesia in frogs develops. 

3. When the intracutaneous wheal in guinea-pigs is used, a similar linear 
l elation exists between the logarithm of the concentration of the local anaesthetic 
and an index expressing both intensity and duration of anaesthesia. 

4. The lines for /3-eucaine, procaine and nupercaine, though parallel to each 
other, are not parallel to that for cocaine. It is suggested, therefore, to use 
procaine as a standard of comparison. It was observed that when adrenaline 
was added to procaine and the mixture was compared with cocaine by the 
guinea-pig method, the log dose-effect lines became parallel. 

This work was carried out nhiie one of us (I. W.) was receiving a grant from 
the British Council. 
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Atropine is an ester of an amino-alcohol (tropine) and a-phenyl /3-hydroxy- 
propionic acid (tropic acid). Both halves of the molecule have been the subject 
of studies on the relation between structure and action. Jowett and Pyman 
(1) prepared a large number of tropine esters (tropeines) winch were tested 
for mydriatic activity by Dale (see also Pyman, 2). The general conclusions 
were: that, for mydriatic activity on local application and in dilute solutions, 
the acidic moiety of the tropeine molecule must contain an aromatic nucleus; 
and that for a considerable degree of activity the esterifying acid must also 
contain an alcoholic hydroxyl group. No tropeine more active in man than 
atropine was discovered and the mandelic ester (homatropine) is the only one 
which has come into general use. It is curious that the readily available benzilic 
acid (C t Ht)--C(OH)-COjH was not included in the acids investigated although 
it fulfils both the conditions mentioned above. Benzilyl-i/'-tropeine was inves- 
tigated by ICreitmair (3) who observed that it had both mydriatic and anaes- 
thetic effects on the eyes of rabbits and cats; ^-atropine was stated by Lieber- 
mann and Limpach (4) to have no mydriatic action. 

Attempts to modify the basic alcohol moiety of the atropine molecule have 
been less successful and only eucatropine (4-mandelyloxy-l:2:2:6-tctramethyl- 
piperidinc), which is a feeble mydriatic, has been adopted in clinical practice. 
Von Braun, Braunsdorf and Rath (5), however, showed that the tropic esters of 
dialkylnmino-ethanols and -propanols had mydriatic activity, the most active 
being the tropic ester of N -hydroxy ethylpiperidine. Fromherz (6) reported 
that the tropic ester of 7-diethylnmino-0/3-dimctbylpropanol (syntropan) had 
only feeble mydriatic activity, but that the corresponding quaternary ethobro- 
mide was more active; the benzilic ester and its methosulphate were however 
described as active mydriatics, the quaternary salt being again more powerful 
than the tertiary' base. Halpcm (7) reported that the benzilic ester of diethyl- 
aminoethanol was a mydriatic and local anaesthetic. 

A more systematic study of the benzilic esters of simple alkamines was made 
by Blicke and Maxwell (8), who described the benzilic esters of hydroxyethyl- 
dicthylmcthylammonium bromide, hydroxyetliyl-piperidinc and its metho- 
bromide ns “excellent mydriatics”; unfortunately no quantitative comparison 
with atropine was mndc. Later Blicke and Kaplan (9) provided evidence that 
simple alkamines yielded more active mydriatics when esterified with benzilic 
acid than with mandelic acid or any of the four possible phcnylhydroxypropionic 
acids, including tropic arid. 

1 71ns vort. v ns carried out for the Ministry of Supply, H. R. Ing brine a member of the 
Ministry’s staff, G. S. Dawes atid Mrs. Izabella Wajda being supported by grants from the 
Modicnl Ite*»cnrch Council and the British Council respectively. 
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3 shows that without adrenaline the slope of the line of procaine is not so steep 
as that of cocaine, but when adrenaline 1 in 100,000 is added the line does not 
only shift towards the left (because lower concentrations become effective) but 
it also becomes parallel to the line of cocaine. In this experiment the potency 
of procaine in terms of cocaine was found to be 75% instead of 13.5% for pro- 
caine without adrenaline. 

Discussion. The two methods described follow well-known procedures, but 
they have been applied in such a way as to increase the accuracy. For this 
reason no determinations were made of threshold concentrations nor of maximal 
effects. The comparison was carried out in an intermediate range for which 
there is a linear relation between the logarithm of the concentration of the 
local anaesthetic and the anaesthetic effect in both the frog and the guinea-pig 
method. In the latter method, by applying six pricks eveiy 5 minutes during a 
period of 30 minutes, an estimate of the degree of anaesthesia is obtained simul- 
taneously with that of the duration. This index obtained from 36 pricks in 
30 minutes was found to give a more accurate result than if the time was de- 
termined at which a 50% response, i.e. to 3 out of C pricks, occurred. 

From figures 1 and 2 it is seen that while the lines relating the logarithm of 
the concentration to the anaesthetic effect of /9-eucaine, procaine and nuper- 
caine are not parallel to that of cocaine, they are parallel to each other. This 
suggests that it may be advisable to use procaine rather than cocaine as a stand- 
ard for the assay of new compounds, but to add adrenaline when a comparison 
is made with cocaine, which itself has vasoconstrictor activity. 

SUMMARY 

1. Two methods are described for testing the potency of local anaesthetics. 

2. With a certain lange of concentrations a linear relationship exists between 
the logarithm of the concentration of the local anaesthetics which were examined 
and the time at which plexus anaesthesia in frogs develops. 

3. When the intracutaneous wheal in guinea-pigs is used, a similar linear 

1 elation exists between the logarithm of the concentration of the local anaesthetic 
and an index expressing both intensity and duration of anaesthesia. 

4. The lines for /i-eucaine, procaine and nupercaine, though parallel to each 
other, are not parallel to that for cocaine. It is suggested, therefore, to use 
procaine as a standard of comparison. It was observed that when adrenaline 
was added to procaine and the mixture was compared with cocaine by the 
guinea-pig method, the log dose-effect lines became parallel. 

This work was carried out while one of us (I. W.) was receiving a grant from 
the British Council. 
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Atropine is an ester of an amino-alcohol (tropine) and <x-phenyl (3-hydroxy- 
propionic acid (tropic acid). Both halves of the molecule have been the subject 
of studies on the relation between structure and action. Jowett and Pyman 
(1) prepared a large number of tropine esters (tropeines) which were tested 
for mydriatic activity by Dale (see also Pyman, 2). The general conclusions 
were: that, for mydriatic activity on local application and in dilute solutions, 
the acidic moiety of the tropeine molecule must contain an aromatic nucleus; 
and that for a considerable degree of activity the esterifying acid must also 
contain an alcoholic hydroxyl group. No tropeine more active in man than 
atropine was discovered and the mandelic ester (homatropine) is the only one 
which has come into general use. It is curious that the readily available benzilic 
acid (CeH 6 );-C( 0 H)-C 02 H was not included in the acids investigated although 
it fulfils both the conditions mentioned above. Bcnzilyl-^-tropeine was inves- 
tigated by Kreitmair (3) who observed that it had both mydriatic and anaes- 
thetic effects on the eyes of rabbits and cats; ^-atropine was stated by Lieber- 
mann and Limpach (4) to have no mydriatic action. 

Attempts to modify the basic alcohol moiety of the atropine molecule have 
been less successful and only eucatropinc (4-mandelyloxy4 :2: 2: 6-tetramethyl- 
piperidine), which is a feeble mydriatic, has been adopted in clinical practice. 
Von Braun, Braunsdorf and Rath (5), however, showed that the tropic esters of 
dinlkylamino-ethanols and -propanols had mydriatic activity, the most active 
being the tropic ester of N-hydroxyctliylpiperidine. Fromherz (6) reported 
that the tropic ester of 7-diethylamino-j3(3-dimethylpropanol (syntropan) had 
only feeble mydriatic activity, but that the corresponding quaternary ethobro- 
mide was more active; the benzilic ester and its methosulphate were however 
described as active mydriatics, the quaternary salt being again more powerful 
than the tertian- base. Ilalpcm (7) reported that the benzilic ester of diethyl- 
aminocthanol was a mydriatic and local anaesthetic. 

A more systematic study of the benzilic esters of simple alkaraines was made 
by Blicke and Maxwell (S), who described the benzilic esters of hydroxyethyl- 
dicthylmethylammonium bromide, hydroxycthyl-piperidine and its metho- 
bromidc as “excellent mydriatics”; unfortunately no quantitative comparison 
wtth atropine was made. Later Blicke and Kaplan (9) provided evidence that 
simple alkamines yielded more active mydriatics when esterified with benzilic 
acid than with mandelic aeid or any of the four possible phcnylhydroxypropionic 
acids including tropic aeid. 

* Tin" r.orU was carried our for the Ministry of Supply, II. R Ing being a member of llic 
Ministry s stuff, G. S Dawes ami Mrs. Izabella Wajda being supported bv grants from the 
Medical Research Council and the British Council rc-pcctivclv 
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Few of the synthetic mydriatics have been studied sufficiently closely for it 
to be certain that their activity is truly of the atropine type, i.e. due to antago- 
nism of acetylcholine at the oculomotor endings and not to stimulation of the 
sympathetic mechanism in the eye. Dale made no attempt to settle this point 
when he tested the synthetic tropeines prepared by Jowett and Pyman and it 
may be noted that Blicke and Kaplan found that six of their benzilic esters, 
which -were excellent mydriatics, were also excellent local anaesthetics on the 
rabbits cornea. At the same time the formal resemblance of these benzilic 
esters to esters of choline suggested to us that they might antagonize acetyl- 
choline at cholinergic nerve endings in virtue of this structural similarity. Con- 
sequently the first compounds to be prepared and tested w r ere the benzilic, 
tropic and atrolactinic esters of choline; all three esters were found to have 
mydriatic properties, the most active being benzilylcholine. Atrolactinyl- 
choline had only feeble activity and tropylcholine was about half as active as 
benzilylcholine. 

These results led to a systematic study of benzilic esters of the general formula: 
(C 6 H 5 ) 2 -C(0H)-C0-0-(CH 2 ) n NR 1 It 2 R 3 j X where R 1( R, and R 3 are alkyl 
groups, X is an anion (Cl or Br), and n = 2 or 3. Later, benzilic esters analo- 
gous to eucatropine were also investigated. The compounds of both types which 
will be discussed below are listed in table 1, together with the serial numbers 
by which they will be designated in the text, the calculated molecular weights, 
the nature of the alkyl groups attached to the nitrogen atom and of the anion. 
All the compounds in table 1 were prepared in the Dyson Perrins Laboratoiy, 
Oxford, by one of us (H. R. I.) except El, E2, E8, E10, Ell, E14 and E15, 
which -were prepared by Dr. A. H. Ford-Moore; compounds El, PI and C4 
and bromides corresponding to E2 and P2 have been already described by Blicke 
and his collaborators. 4-Hydro\y-l:2:2:6-tetramethylpiperidine exists in two 
stereoisomeric forms, a- and /3-, eucatropine being the mandelic ester of the 
|3-form; P8, P9 and P10 are derived from the /3-form and Pll and P12 from the 
a-form. 

In order to discover whether these synthetic mydriatics resembled atropine 
in tissues other than the eye, a study of their action on the salivary gland of the 
cat has been made; a few compounds have also been tested on isolated rabbit’s 
intestine and on the isolated cat’s heart (Langendorff’s preparation). 

The observation that among our compounds quaternary metho-salts were 
invariably more active than the corresponding tertian' bases has led us to re- 
examine the action of the metho-salts of atropine, 1-hyoscyamine, 1-hyoscine and 
eucatropine on the eye; Bulbring and Dawes have already described their ac- 
tions on the salivary gland (10). 

Biological Observations Tests for mydriatic activity. It is not commonly known 
that a simple and relatively accurate test for mydriatic activity has been described by 
Pulewka (11). The method requires mice and no other apparatus than a binocular micro- 
scope magnifying about ten times and provided with a scale in the eyepiece with which to 
examine and measure the diameter of the pupil of the mouse. A strong light shining into 
the eye of the mouse must be attached to the microscope. 
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Groups of mice ore taken, preferably from 15-20 g. in weight; larger mice are less sensi- 
tive, though this does not preclude their use, provided that all those used in one experiment 
are similar in weight. They are not kept without food beforehand. Pulewka recom- 
mended using mice of one sex, but this has not been found necessary. The mice are in- 
jected intraperitoneslly n ith 0.2 ce. of the solution to be tested and the effect on the pupil 
is determined. The action of a dose of atropine reaches its maximum in 15 min. and starts 
declining after 25 min.; for this reason readings w ere taken within 15-20 min. after the 
injection. 

The diameter of the pupil in uninjected mice was found to vary between 1 5 and 2 5 
divisions of the scale in the microscope eyepiece (7.7 divisions = 1 mm.); this diameter 
was unaffected by excitement. After the injection of 0.002 mg. atropine sulphate the aver- 



Fig. 1. Log-Dose — Action Curves for Atropine and Synthetic Mydriatics 
Ordinates- Diameter of mouse pupil in divisions of microscope scale. Abscissae. 
Logarithm of dose in micrograms. 


age diameter was usually about 4 divisions, while after 0 OOS mg , the diameter was about 
14 divisions; the maximum diameter recorded was 1$ divisions. The interesting observa- 
tion was made that when doses of atropine sulphate were given in the range 0.002-0 OOS 
mg., the mean diameter of the pupil in similar groups of mice was directly proportional to 
the logarithm of the dose This is shown in figure 1, m which the points were obtained by 
combining ten experiments, each point representing the mean of results in 100 mice. 

The effect of a given dose of atropine sulphate varied in different groups of mice, and 
even within the same group at different times For this reason, in comparing a substance 
of unknown potency with atropine, the effect of two or three different doses of atropine 
sulphate in different groups of mice was always determined simultaneously with that of a 
range of doses of the substance under comparison. By plotting the results obtained with 
atropine as in figure 1, the effect of a dose of the unknown could be equated to that of a 
dose of atropine sulphate. 

In practice it was found convenient to use 5 mice in a group, and to inject three groups. 
The diameters of the pupils were then determined. The experiment was continued by 
injecting 3 more groups and so on. The details of part of an experiment in which I-hyos- 
cine hydrobromide was compared with atropine sulphate are given in table 2. The part 
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illustrated occupied one worker about, one hour, excluding the time taken to prepare the 
solutions; the complete experiment involved repeating the same doses twice on fresh groups 
of mice bo that the effect of each dose of each substance was observed in 15 mice. Mice 


TABLE 2 
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TABLE 3 


SUBSTANCE 

POTENCY RELATIVE TO ! 
ATROPINE SUL- 
PHATE •= 100 
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for substance 
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104 4 

80 

90 

E4 

85 

92 5 

60 

70 

E5 

18 

22 

24 

20 

E6 

23 

28 

20 

20 

E7 

8 

i 10 5 

25 

20 

Ell 

10 

13 

28 

35 

El 

6 

6 3 

25 

SO 

E2 

59 

64 

55 

55 

E14 

66 

83 

85 

85 

E15 

17 

22 

60 

85 

Pi 

0 5 


15 

40 

P2 

1C 

17 3 

15 

40 

ES 

63 

60 

55 

SO 

CIO 

59 

64 

50 

SO 

PS 

14 

16 

30 

40 

P<1 

116 

170 

60 

60 

P10 

120 

165 4 

65 

50 

Pll 

133 5 

196 

20 

30 

PI2 

101 

143 

40 

75 


rvcre not u«cd more often than truce in one neck, and after three to four necks’ use they 
"ire discarded because they grew bigger and le«s sensitive. 

Result-. The results obtained with the series of benzilic esters are shown in 
table 3 in which the substances have been arranged not in the consecutive 
order of their serial numbers, but in the order of the homologous series as in 
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table 1. The numbers of mice used in each comparison for atropine and for the 
synthetic substances are shown in Columns 4 and 5. If a substance appeared 
to have little mydriatic action compared with atropine, only a few mice were 
used. Seven of the compounds listed in table 3 proved to be highly active 
mydriatics: E3 was equal to atropine sulphate and E4 had 85 per cent of the 
activity of atropine sulphate; on a weight basis E14 had 66 per cent of the ac- 
tivity of atropine sulphate, but because of its higher molar weight it has about 
83 per cent of the activity of atropine on a molar basis. P9, P19, Pll and P12 
were all more active than atropine sulphate. P9 and Pll are the iodides of two 
stereoisomeric bases; P10 and P12 are the corresponding and more soluble 
chlorides. On a molar basis P9 and P10 should have equal potencies since they 
are salts of the same base; reference to the table will show that their molar 
potencies differ by less than 3 per cent. For the same reason the molar potencies 
of Pll and P12 should also be equal but owing to its low solubility in water 
Pll was tested on too few mice for the figure quoted in the table to be reli- 
able. 

The potencies listed in table 3 are average figures. The curves relating 
log. dose to effect for the synthetic mydriatics are frequently not parallel to 
that of atropine (fig. 1); the curve for E3 coincides with that for atropine, but 
that for P10 converges with, and that for E8 diverges from, the curve for atro- 
pine as the dosage is increased. When the log. dose — effect curve of a sub- 
stance is not parallel to that of atropine it is impossible to give a relative potency 
figure which will be true at all doses and an average figure for a four or fivefold 
dosage range is given. 

Duration of mydriasis. The potencies shown in table 3 are those obtained 
15 min. after injection. The duration of mydriasis is also important since one 
of the most characteristic and valuable properties of atropine is the prolonged 
effect which it produces in the eye. None of the synthetic substances had so 
prolonged an action as atropine. In figure 2 the mean size of the mouse pupil, 
measured at 30 min. intevals, is plotted as a multiple of its normal size against 
time both for atropine and for some of the more active synthetic substances. 
It wall be noticed that the effect of E3 was sustained better than that of the other 
substances; the effect of P10 and P12, though initially greater than that of E3, 
passed off very quickly. 

The duration of mydriasis produced by E3 and E14 was also investigated 
by local administration of one drop of one per cent solutions twice daily into the 
eyes of cats. In cats atropine maintains full dilatation of the pupil during five 
days of such treatment and for five days after administration has ceased. E3 
showed little cumulative effect, some constriction to light occurring each morn- 
ing during the treatment; complete recovery was observed 24 hours after ad- 
ministration had ceased. E14 had a more cumulative effect than E3 while the 
treatment was continued but its action had also disappeared 24 hours after 
administration had ceased. 

Action on (he salivary gland. The synthetic benzilic esters were found to 
resemble atropine not only in the eye but also in antagonizing the salivary se- 
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Fig. 2. Action— Duration Curves tor Atropine and Synthetic Mydriatics 
Ordinates: Diameter of mouse pupil expressed as a multiple of normal diameter. Ab- 
scissae: Time in minutes. 


TABLE 4 


5XXUL NUUTJEX 07 
KU755TA.VCE 

7EIATIVE POTENCIES YZX U OLE CELT IN TEUCS 07 ATEOPDCE — 100 

On the tx\iv ary gfa.nd (cat) 

On the Wood pressure (cat) 

On the eye (mouse) 

C4 

11.0 ±1.8 

9.8 

12.6 

Cl 

196 ±32 

103 

31 

E3 

258 ±3S 

182 

104.4 

E4 

293 ±59 

238 

92.5 

E5 

147 ±4G 

98 

22 

E7 

75.4 ±19 

63 

10.5 

EU 

71.3 ±36 

32 

13 

El 

17.8 ±4.0 

21 

6.3 

E2 

273 ±19 

239 

0-1 

E14 

2/3 rfc44 

190 

83 

EI5 

135 ±30 

78 

22 

PI 

4 ±1.4 

3 


P2 

185 ±00 

70 

17.3 

PS 

j M.8 ±1 .73 

14.0 

1G 

P9 

j 152 ±78 

i 103 

\ 

170 
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cretion produced by pilocarpine and carbaminoyl choline. Fifteen of them were 
compared with atropine on the salivary gland of the cat. The method used has 
been described by Biilbring and Dawes (10). Each substance was tested on 
not less than five cats. "The results are recorded in table 4 in which the rela- 
tive potencies per molecule on the salivary gland and on the blood pressure are 
expressed in terms of atropine = 100; beside each figure for the relative molar 
potency on the salivary gland is given the standard deviation. The relative 
molar potencies on the eye are included in the table in order to facilitate com- 


I . . . 


9 ^ 

JjgL ^ 

8o ^ ^ /{. 

A _ _ * !B A 

' "i ti 1 1 i i Mull II III ill Mi 1 : 1 1 Mill i II Mil III 1 1 1 n M Pirrn 1 1 i- 

Fig. 3. Cat, 2 6 Kg. Pentobarbitone. Infusion of Cabbachol, 1:25,000 and Adren- 
aline, 1:50,000 

Above: salivary flov, recorded by Gaddum's drop-recorder. Belon blood pressure. 
At A, 3/ig. atropine sulphate, at B, 1 ag E3 

parison. One record obtained in comparing E3 with atropine is illustrated 
in figure 3. 

Inspection of table 4 will show that the synthetic substances have a more 
powerful effect on the salivary gland than on the blood pressure and that sev- 
eral of them are considerably more potent than atropine on both. The my- 
driatic potencies in the mouse are generally less than the potencies on the 
salivary gland and on the blood pressure of the cat; P9 constitutes the onh’ 
reliable exception to this observation, the irregularities shown by the salts of 
tertian - bases (C4, El, Pi, and P8) being of doubtful significance in view of the 
feeble potencies of these substances In general the substances which arc most 
active on the pupil of the mouse am among the most active on the salivary 




SYNTHETIC SUBSTITUTES FOR ATROPINE 


93 


gland and on the blood pressure of the cat; similarly the weakest mydnatics 
exert also the weakest actions on the salivary gland and on the blood pressure. 
A few substances however, notably Cl, E2 and P2, which are less active than 
atropine on the pupil of the mouse are considerably more active than atropine 
on the salivary gland of the cat. _ ' 

Action on smooth muscle. Three of the synthetic substances, viz., E3, E10 
and E14, were tested for inhibitor action on rabbit intestine and compared with 
atropine. A regular series of contractions of an isolated piece of rabbit intestine 
was obtained by adding constant doses of acetylcholine at constant time in- 
tervals to the bath in which it was suspended. Two doses of atropine were 
found which produced temporary reductions of the contractions and the per- 
centage reductions produced by E3, E10 and E14 were compared with those 
produced by atropine. The relative potencies, calculated in terms of atro- 
pine = 100, were: E3 = 104, E10 = 55 and E14 = 87. These figures are very 
close to the relative potencies of these substances as mydriatics (see table 3). 


TABLE 5 

LOSO for mice (mg. per SO g .) 


SUBSTANCE 

INTBAPERITONTALLY 

subcutaneously 

ORALLY 

E2 

1.25 

2.6 


E3 

0.8 

3.2 

20.0 

E4 

0.8 

1.5 

! 

ES 

l.S 

u.o 


E10 


13.0 


E14 


3.0 


PlO 

1.5 

6.5 

20.0 

P12 

l.G 

7.5 


Atropine 

0.4 

15.0 

15.0 


Action on the heart. E3 was found to antagonize acetylcholine in the iso- 
lated perfused cat’s heart (Langendorff’s preparation). The inhibition pro- 
duced by acetylcholine in this preparation is abolished or reduced by closes of 
atropine ranging from 0.02 to 1 microgram. The reductions produced by E3 
and atropine in equal doses were found to be identical, but the effect of E3 was 
shorter, being about half ns long as that of atropine. 

Toiicifics. Eight of the more active mydriatics among the synthetic com- 
pounds were tested for toxicity on mice and the results are recorded in table 5. 
All of them proved to be more toxic than atropine on intra peritoneal or subcu- 
taneous injection. Two of the most promising compounds E3 and P)0, were 
aho tested by oral administration and were found to be less toxic than atropine 
by this route. 

No figures for the lethal doses in cats have been obtained, but the toxic 
symptom', produced by atropine have been compared with those produced by 
1A and PlO. In a eat of 2.3 kg. 13S mg. atropine (i.c. HO mg. per kg.) given 
subcutaneously produced severe tremor, rapid respiration (120 per min.) and 
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vomiting. Gradually a state of severe excitement developed and the cat had 
several fits of violent convulsions. After 6 hours the convulsions stopped, the 
animal appeared exhausted, its legs were spastic and it could not stand up. 
However, the cat recovered and showed no sjTnptoms except maximal mydriasis 
on the following day. 

The symptoms produced by the same dose of E3 were differeijt. A cat of 
2.0 kg. received 120 mg. E3 (i.e. GO mg. per kg.) subcutaneously; during the 
first 15 min. slight tremor appeared, the respiration quickened to 65 per min., 
and the cat gradually went to sleep. When aroused it appeared confused and 
could walk only with difficulty. After 2 hours it began to wake up and after 
5 hours the cat could walk though it was still sleepy. Next day no symptom 
except m 3 'driasis was detected. 

In another cat 30 mg. E3 per kg. produced some sleepiness, slight ataxia but, 
except for mydriasis, no other sj'mptoms. 

P10 was injected into three cats in doses of 30 mg., GO mg. and 120 mg. per 
kg. The small dose produced no appreciable effect. The middle dose produced 
ataxia, unsteadiness and incoordination in walking. The large dose made the 
cat sleepy, but also produced vomiting and severe ataxia. 

Thus E3 and P10 were found to have an action on the cat more like that 
tj r pical of scopolamine. The symptoms produced b 3 r atropine given in the same 
dose were more severe than those of E3 or P10. 

The mctho-salts of atropine, hyoscyamine and hyoscine. Crum Brown and 
Fraser (12) were the first to examine the pharmacolog 3 r of atropine methiodide 
and methosulphate. The 3 r found that both metho-salts retained the mydriatic 
action of atropine undiminished; the action on the vagi was also retained but 
the effects on the C.N.S. were absent; both salts exhibited a much more power- 
ful curare-like action than atropine. Atropine methonitrate (eumydrine) was 
examined clinically in the earty 3 r ears of this centum and was reported to be 
considerably weaker and shorter in its m 3 'driatic action than atropine (cf. 
Duke-Elder, 13). 

Issekutz (14) estimated atropine methobromide to be eight times as strong 
as atropine on the frog’s vagus, 3-4 times as strong as atropine on the salivary 
gland of the rabbit, and about equal to atropine on the pupil. Cushn 3 r (15) 
concluded that atropine methobromide was about fift 3 r per cent stronger than 
atropine in antagonizing pilocarpine in the salivary gland of the dog. More 
recently Ionian (16, 17) has compared the metho-salts of atropine and 1-hyos- 
cine with the parent alkaloids; he found that atropine methonitrate was about 
twice as active as atropine sulphate in antagonizing the salivary secretion pro- 
duced b 3 ' pilocarpine in man, but that. l-h 3 f oscine methonitrate and methobro- 
mides were respectively 20 per cent more and 20 per cent less active than l-h 3 r - 
oscine in the same propert 3 ’. In the human eye the metho salts of i-li 3 'oscine 
were about equal in nwdriatic activity to l-ln'oscine, but atropinemethonitrate 
was about 25 per cent more active than atropine. 

We have compared the actions of atropine methonitrate, ]-hyosc 3 r amine and 
its methiodide, 1-hyoscine and its methiodide and eucatropine and its methiodide 
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with atropine on the ej’e of the mouse and of the cat by methods already used 
for the synthetic substances. The results are collected in table 6. 

BGlbring and Dawes (10) found that the metho-salts of atropine, 1-hyoscy- 
amine and 1-hyoscine were each about twice as active as their parent alkaloids 
in the salivary gland and on the blood pressure of the cat. The relative mydri- 
atic activities of these pairs of tertiary and quaternary bases depend upon the 
method of administration; thus atropine and 1-hyoseyamine sulphate are more 
active than their respective methiodides when instilled into the conjunctiva 
sac of the cat, but less active than the methiodides when injected into the 
peritoneal cavity of the mouse. 1-Hyoscine hydrobromide and 1-hyoscine 
methiodidc differ from the two other belladonna alkaloids in this respect; they 
appear to be about equally active in the eye of the mouse after intraperitoneal 


TABLE 6 


SUBSTANCE 

EELATIVE POTENCIES PEE JiOlXCULE (ATEOPXKE ^ 

eye or the: 

‘ 100) os the 

Mouse, lntra- 
pentoneaUy 

mm 


Number o{ cals 

Atropine sulphate . 

100 


100 


Atropine methonitrate 


30 

50-100 

9 

1-Hyoscyatninc sulphate . 

185 

So 

200 

2 

1-Hyoscyaminc methiodidc 

492 

60 

100 

2 

l-Hyoscinc hydrobromidc 

491 

75 

1000-1500 

9 

l-Hyoscinc methiodide 

479 

35 

330 

3 

Eucatropinc hydrochloride 

0.4 

30 

0.05 

7 

Eucatropino methiodidc 

2.8 

30 

0.04 

2 


i 


njcction, but 1-hyoscine hydrobromide is about four times as active as the 
methiodidc when both are applied locally to the eye of the cat. 

When l-hyoscyaminc and 1-hyoscine were compared directly with the cor- 
responding methiodides by local application to the eyes of a cat, 1-hyoscyamine 
was found to be 2—1 times as powerful as its methiodide (10 cats) and 1-hyoscine 
3 times ns powerful as its methiodidc (2 cats). 

The difference in the relative mydriatic activities in the mouse and in the 
cat is more probably caused by the different methods of administration than by 
the difference in species. The relative weakness of the methiodides on local 
application may be due to relatively poor absorption from the conjunctival 
sac. In order to throw some light on this point and also on the apparently 
anomalous behaviour of l-hvoscine and its methiodidc in the mouse, several 
experiment*, wore carried out on cats under pentobarbitone anaesthesia. The 
pupil was kept constricted by a constant infurion of carbaminoylcholine and 
adrenaline as in the salivary secretion experiments. Tire method v, as tedious 
became large intrarenous do<-es of atropine (CO jig.) were required to dilate the 
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pupil whereas 1-5 tig. atropine was sufficient to stop the salivary flow. How- 
ever when 1-hyoscine hydrobromide and 1-hyoscine metliiodide were compared 
with atropine in this preparation, 1-hyoscine proved to be less potent than its 
methiodide: 1-hyoscine was about equal to atropine and 1-hyoseine metliiodide 
about 60 per cent more active. Neither substance was so powerful under these 
conditions as when it was applied locally, but the experiment demonstrates 
that the ratio of the activities of these two drugs is dependent upon the method 
of administration. 

The apparently anomalous behaviour of 1-hyoscine and its methiodide in the 
mouse is also probably related to some such factor as rate of absorption at the 

SIZE OF 
PUPIL 

12 

10 


8 

6 

4 

2 


0 15 45 7 5 IDS’ 135 0 15 45 75 >05 

TIME IN MINUTES 

Fig. 4. Action — Time Curves for Mouse Pupil 
Ordinates: Diameter of pupil in divisions of microscope scale. Abscissae: Time in 
minutes. 

Continuous curves: A. 1-Hyoscine hydrobromide; B. 1-Hyoscyamine sulphate. Inter- 
upted curves: A. 1-Hyoscine methiodide; B. 1-Hyoscyamine methiodide. 

s ite of action. Thus when the poten cies were estimated 15 min. after intraperi- 
toneal injection they were approximately equal, as recorded in table 6, but the 
subsequent course of the mydriasis depended on the dose (fig.4A). In 1 pg. 
doses the methiodide achieved its maximum dilatation later than liyoscineand 
was more powerful than the latter; in 0.5 pg. doses the methiodide was not 
more powerful than hyoscine but its action declined more slowly. The appar- 
ent intensity of a drug action will depend not only upon the intrinsic intensity 
but also upon the balance achieved between rates of penetration to and disap- 
pearance from the site of action. The curves in figure 4A suggest that the 
methiodide accumulates at the site of action more slowly than 1-hyoscine. This 
behaviour is, however, not typical of quaternary salts; thus the time course o 
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mydriasis in the mouse with 1-hvoscyamine methiodide remains parallel with that 
of 1-hyoseyamine sulphate over 105 min. (fig. 4B). 

The results with eucatropine hydrochloride and its methiodide (table 6) 
are chiefly of interest because these substances are esters of mandelic acid and 
P8 and P9 are the analogous esters of bpnzilic acid; the substitution of a phenyl 
group for the a-H-atom of the mandelyl group increases the mydriatic activity 
in the mouse some 40 to 60 times. 

Discussion. Of the seventeen benzilic esters of quaternary alkamines listed 
in table 1, eleven have been tested not only on the eye of the mouse but also on 
the salivary gland and on the blood pressure of the cat; in every case a qualita- 
tive resemblance to atropine was observed. E3 also resembled atropine closely 
in smooth muscle and in the isolated cat’s heart, and E10 and E14 antagonized 
acetylcholine in smooth muscle. The compounds differed quantitatively from 
atropine both in the intensity and in the duration of their effects, but whereas 
several of them were markedly more powerful than atropine, none of them pro- 
duced so prolonged an action on the pupil. 

The results provide strong presumptive evidence in favour of the view that 
these quaternary salts are truly atTopine-like and owe their pharmacological 
properties to an antagonism of acetylcholine. This conclusion is of consider- 
able theoretical interest because all the E-compounds are benzilic esters of 
quaternary alkamines analogous to choline and Cl is the benzilic ester of choline 
itself. The only other instance of an atropine-like ester of choline known to us 
is di-n-butylcarbamylcholine, recently investigated by Swan and White (18), 
but some doubt exists about the exact site and mechanism of its action. Choline 
esters with nicotine or curare-like properties have been known for many years, 
e.g. the nitrous ester (19), but the benzilic and dibutylcarbamic esters appear to 
be the first examples of atropine-like choline esters. 

In considering the relations between chemical structure and pharmacological 
action among our compounds, three structural features call for mention: the 
nature of the esterifying acid, the size of the alkyl groups and the state of the 
nitrogen atom (whether tertiary or quaternary). 

The compounds in table 1 all contain the benzilic acid radical and conse- 
quently fulfil the conditions observed by Jowctt and Pyman (1) to hold for 
marked mydriatic activity among tropeines, viz. nn aromatic nucleus and an 
alcoholic hydroxyl group; they do not contain nn asymmetric centre which some 
authors have regarded as essential for a high degree of mydriatic activity. 
Blirko and Kaplan (9) found that alkamine esters of benzilic acid wore in gen- 
eral more likely to be good mydriatics than similar esters of mandelic acid or 
any of the four phrnylhvdroxypropionic acids; in agreement with this we found 
that trnpvleholine was less active than bcnzilyleholine and the replacement of 
mandelic hv benzilic aciil in eucatropine and its methiodide increased the my- 
driatic activity some forty to sixtyfold; thus the molar potencies for these four 
compounds are: eucatropine hydrochloride 0.4 and PS 10; eucatropine methio- 
dide 2 8 and I’9 170 (atropine = 100) 

l he effect of changing the alkyl groups in our compounds is best apprcci- 
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ated by consideration of figure 5, in which the results for two homologous series 
are represented graphically. It will be noticed that changes in the size of one 
alkyl group which lead to an increase or to a decrease in mydriatic activity lead 
to similar changes in the two other atropine-like activities. The members of 
each homologous series are in general more potent on the salivary gland than 
on the blood pressure and more potent on the blood pressure than on the pupil. 
The maximum activity in the alkyl-dimethyl ammonium series is sharply de- 
fined for the ethyl-dimethyl member, but in the alkyl-diethyl ammonium series 



Fig. 5. Potency Variations in Homologous Series 

Ordinates: Molar potency in terms of atropine = 100. Abscissae Number of carbon 
atoms m alkyl radical R. 

Potencies on the salivary gland (continuous lines), on blood pressure (broken lines) 
and on the mouse pupil (dot and dash lines) 

the maximum is less well defined, E2 being more active on the blood pressure 
and less active on the pupil than E14, but equal to it in the salivary gland. 

With regard to compounds not represented in figure 5, it may be noted that 
isopropyl was a more effective group than n-propyl in the alkyl-dimethylam- 
monium series (i.e. E4 more active than E5) and that the n-propyl (E5) and 
allyl (E6) members were, about equally active. Both Pi and the bromide 
corresponding to P2 were reported by Blicke and Maxwell (8) to be excellent 
mydriatics on the rabbit’s cornea; in our tests these two compounds were rela- 
tively feeble mydriatics. Lengthening of the carbon chain between the nitro- 
gen atom and the ester group from 2 to 3 carbon atoms (E8 and E10) decreased 
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the toxicity (table 5) but did not increase the mydriatic activity; thus ESwas 
about equal in activity to its analogue E2, but E10 was less active than its 
analogue E3. 

The striking increase in activity in passing from the salt of a tertiary base to 
the quaternary metho-salt is well illustrated in figure 5; both C4 and El are 
only feebly active in all three properties, but Cl and E2 are relatively powerful 
atropine-like drugs. A similar increase in activity was observed in passing 
from the tertiary bases PI and P8 to the corresponding quaternary metho salts 
P2 and P10. The four salts of tertiary bases, C4, El, PI and P8 are also local 
anaesthetics and it is hoped to publish details of their activity in this respect 
later. Meanwhile some doubt must remain whether they are truly atropine- 
like in their action. El has already been shown to possess local anaesthetic 
and antispasmodic properties (20, 21). 

The metho-salts of the natural belladonna alkaloids also appear to be more 
active than their parent bases. Bulbring and Dawes (10) have confirmed and 
extended the work of previous authors on the salivary gland and on the blood 
pressure, using the cat; the metho-salts were uniformly more active than the 
tertiary bases. We have found that the relative potencies of the belladonna 
alkaloids and their metho-salts in the eye depend upon the method of adminis- 
tration. Applied locally to the eye of the cat the natural alkaloids are more 
potent than their metho-salts, but in man Nyman (16, 17) found atropine metho 
nitrate slightly more active than atropine sulphate and the metho-salts of 1- 
hyoscine about equal in activity to 1-hyoscine hydrobromide. Injected intra- 
peritoneally in the mouse the metho-salts of atropine and 1-hyoscyamine were 
more powerful mydriatics than their parent bases, but 1-hyoscine and its methi- 
odide were about equal. Eucatropine methiodide was also more active in the 
eye of the mouse than eucatropine hydrochloride and a similar relation held for 
the salivary gland (11). Finally Nyman (16) found homatropine metho nitrate 
more active than homatropine in the salivary gland and in the eye of man. 

The general conclusion appears to be that the quaternary metho-salts of all 
these compounds are intrinsically more active than the corresponding tertiary 
bases, but that in the eye the metho-salts may appear less active when they are 
applied locally. Local application to the eye is undoubtedly the most useful 
test of mydriatic activity for clinical purposes, but as a test of intrinsic potency 
it is less satisfactory because it involves such factors as the absorption of the 
drug from the conjunctival sac and its penetration to the site of action. The 
lower activity of the metho-salts on local application is not surprising because it 
is well-known that onium cations penetrate cell membranes much more slowly 
than tertiary bases, the latter existing in solution not only as the cation of a 
salt but nl=o ns the free base. i-Hyoscine and its methiodide present a genuine 
anomaly, but these drags contain a functional group, the oxide ring, absent 
from nil other mydriatics, which may modify its properties. 

Hie superior activity of metho-salts to that of tertiary bases among both the 
atropine alkaloids and our synthetic atropine substitutes has interesting impli- 
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cations. All these drugs belong to the same structural type; they aie alkamine 
esters of the general formula: 

Ri 

• +/ 

Acyl-0-(C)„-N — R; 

' \ 

R 3 

where the (C) n group is either a polymethylene chain as in the E-compounds or 

a cyclic structure as in the belladonna alkaloids and the P 8 to Pi 2 compounds. 
It is a striking fact that compounds of this general type have a peculiar affinity 
for neural structures and exhibit one or more of four kinds of pharmacological 
action, viz. cholinergic, atropine-like, curare-like and local anaesthetic, depend- 
ing on the nature of the acyl radical and of the basic group. 

Cholinergic properties appear to be rather strictly confined to molecules 
containing 3 methyl groups on the N-atom and an aliphatic acyl radical (acetyl, 

pyruvyl, carbamyl, etc.) ; the (C)„ group is usually (CPL ) 2 but n may be 3 or 

the chain branched, e.g. acetyl /S-methylcholine. 

Atropine and curare both antogonise acetylcholine drugs but the anatomical 
distribution of their effects is different. Curare-like properties are widely 
shared by alkamine esters provided that the basic group is quaternary, but they 
may appear in a milder and more transient form in tertiary bases. The curare 
type of activity is characteristic of the onium cation and when it is displayed 
by tertiary bases most probably depends upon a relatively stable tertiary ca- 
tion R 3 NH, because strong bases show it more markedly than weak bases (22). 

The results, A\hich are reported in this paper, suggest that atropine-like 
properties ought also to be attributed to the cation and not to the free base. 

Conversion of a tertiary base into its metho-salt stabilizes the cation. AVhereas 
+ 

tertiary 1 cations R 3 NH exist in equilibrium with the free base, thus: 

+ — 

RjNH + OH ^ R 3 M + H 2 0 


kX 


quaternary cations are incapable of such a reversible reaction. We have found 
that such stabilization normally' increases the atropine-like properties of tertiary' 
bases. Tire attribution of atropine-like properties to the cation of the tertiary' 
base not only' explains our results but also brings the atropine-like action into 
line with the curare-like action; both are due to antagonism of an onium cation, 
acetylcholine, in cells adapted to respond to the latter, and our view is that the 
cationic nature of the antagonist, whether atropine-like or curare-like, is funda- 
mentally' important. The conversion of a tertiary base with atropine-like 
properties into its metho-salt not only' increases its activity' in this respect, but 
also confers upon it strong curare-like properties, as Crum Brown and Fraser 
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discovered for atropine itself (12). The other structural features which lead 
to atropine-like properties in alkamine esters are more restricted than those 
which confer curare-like properties and have already been discussed. 

Local anaesthetic properties appear in alkamine esters when the acyl radical 
contains an aromatic nucleus and the basic group is tertiary. The anaesthetic 
activity, as Trevan and Boock showed (23), is a property of the free base and 
not of the cation of its salts; it is increased by conditions which favour hydrolysis 
of the salts, e.g. a higher pH of the solution or the use of a weak acid for salt 
formation, and is abolished by conversion of the anaesthetic drug into a quater- 
nary salt. These conditions are probably necessary in order to allow the drug 
to penetrate the nerve sheath, but of the intimate process which blocks the 
passage of the nerve impulse nothing is known. 

For clinical purposes a mydriatic should be readily absorbed from the con- 
junctival sac and for this reason a tertiary base will usually be preferred to a 
quaternary. The prolonged action of atropine is also probably due to its tertiary 
basic character because atropine metho nitrate does not exhibit it; a tertiary 
base may be firmly held by surface forces in the tissues whereas quaternary cat- 
ions arc not so readily adsorbed. At the same time promising clinical results 
have been obtained with one of our synthetic compounds, viz. E3, by Dr. Ida 
Mann and other workers; their results will be reported later. 

SUMMARY 

(1) Twenty-one synthetic compounds, all of them benzilic esters of alkamines, 
have been tasted for mydriatic activity in the mouse; seven of them proved to 
be powerful mydriatics, comparable in intensity of action with atropine but 
shorter in duration. 

(2) Fifteen of them were tested in the cat for atropine-like action in the 
salivary gland and on'the blood pressure. The powerful mydriatics were all 
more active than atropine in both respects, and several compounds weaker than 
atropine in mydriatic activity were more active than atropine in the salivary 
gland. 

(3) Several of the compounds were found to be atropine-like in smooth muscle 
and in the isolated cat’s heart. 

(•1) Eight of the more active mydriatics were tested for toxicity; in mice all 
of, them were more toxic than atropine on intraperitoneal or subcutaneous in- 
jection but two of the mod promising compounds (E3 and P10) were less toxic 
than atropine on oral administration; the same two compounds produced much 
less severe symptoms on subcutaneous injection into cats than atropine did in 
equal doses. 

(.>) Ben7iiie c.-ters of quaternary alkamines were in general more active in 
all the test*, used than those of corresponding tertian- alkamines. 

ih) Ihe mydriatic activity of the quaternary metho-salts of atropine, I-hy- 
oscyamtne, 1-hyoscine and eucatropine has been compared with that of their 
parent ba-e- in the mouse pupil and after local application to the eye of the cat. 
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In the mouse the metho-salts, except 1-hyoscine methiodide, are more active 
than the tertiary bases; in the cat the tertiary bases are the more active mydri- 
atics. 

(7) The relations between chemical structure and atropine-like action among 
the synthetic compounds and the belladonna alkaloids are discussed. 

(8) Among the synthetic benzilic esters benzilyloxyethyl dimethylethyl 
ammonium chloride (E3) appears to be the most promising substitute for 
atropine in ophthalmic practice; its action equals that of atropine in intensity 
but is shorter in duration and its toxicity compares favorably with that of 
atropine. 

Our thanks are due, and are gratefully given, to Dr. Edith Bulbring for much 
valuable help both in the design and in the execution of the experimental work. 
We also thank the Ministry of Supply for permission to publish our results. 
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The assessment of antimalarial activity of drugs administered to ducks by the 
oral route is sometimes complicated by incomplete absorption from the intestine, 
or varying degrees of destruction of the drugs in the alimentary tract. In the 
method described below, white Pekin ducks are infected with P. lophitrae and 
treated for three day's with a continuous intravenous infusion containing the 
therapeutic agent. The precision of dosage afforded by this procedure has made 
possible the investigation of certain drugs and problems which are difficult to 
approach by the customary methods. The general usefulness of the method is 
illustrated by the following examples. Results of single daily intravenous doses 
of quinine and of cinchonine were compared with the results of continuous 
therapy with these drugs. Several compounds containing antimony or arsenic 
were examined, as well as two antibiotic agents. Finally, a comparison was 
made of the activities of some of the common antimalarial drugs and of their 
combinations. 

Apparatus and methops. Selection of ducks. About 225-275 cc. of intravenous in- 
fusion fluid per kgm. per day was required to limit loss of body weight to less than 15% dur- 
ing the 3-day experiment; at rates above 300 cc. per kgm. per day, the ducks became some- 
what edematous. It was necessary to inject fluid at a rate of at least 100 cc. per day to 
minimise clotting; at the arbitrarily chosen rate' of 140 cc. per day, it was necessary' to use 
birds of at least 500 grams in weight. Birds above 025 grams in weight were difficult to 
immobilize. Six ducks were selected within this weight range for an experiment. The 
recorded weight of each bird was 5% less than the observed weight, to allow for loss of 
weight through passage of fecal material during the first few hours of the experiment. 
The volume of liquid excreta collected during three days amounted to about 40-50% of the 
volume of the infusion injected. 

Immobilization of birds. After wrapping the thighs of the ducks loosely with gauze to 
prevent trauma, the birds were arranged in a row on tbeir backs on a tray 44 inches long by 
20 inches wide which was mounted in a cabinet beid at 30'C. The thighs rested in U-shaped 
metal stirrups; pins were passed through holes in the arms of the stirrups and over the legs 
of the birds to immobilize the upper portion of the legs. The webs of the feet were clamped 
to the front edge of the tray with screw-clamps . Holes were cut in the tray below the tails 
of the birds; vertical metal shields were slipped through these openings to deflect excreta 
to collecting pans arranged below the tray. It was desirable to slip a piece of sheet metal 
under the backs of the ducks; by elevating the sheet at the rear, the bodies of tbe birds were 
slightly flexed at the thighs, enabling a more nearly quantitative collection of excreta. 
When immobilized in this position, a duck does not retain food or fluid well when these arc 

•The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment, and The Johns Hopkins University. 
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introduced into the crop; consequently, water balance and nutrition must be maintained 
by the intravenous route. 

Injection of infusion fluid. The needle for introducing the infusion into the leg vein 
of each duck was a 22 gauge hypodermic needle 0.5 inch in length, with the regular hub re- 
placed by a smaller one. Coating of the inner surface of the needle with paraffine helped 
to reduce the incidence of clotting. The needles were introduced cleanly into the leg veins 
of the ducks and secured by adhesive straps; they were connected by light gum tubing to 
glass capillary tubes running to the individual injection pumps. 

Six pumps were arranged on a common shaft, and each supplied an individual duck. 
The construction of one of the pumps is detailed in figure 1. 



The pump consists essentially of a piece of rubber tubing, 0.125 inch in internal 
diameter and with walls 0 0625 inch thick, wrapped once around a fixed cylinder, with the 
ends of the tubing attached to a suitable metal inlet and outlet Two rollers, suspended 
diametrically opposite one another on a rotating element, were held firmly against the 
rubber tubing by two coiled springs, and occluded the tubing at the points of contact. As 
the rotating element was turned by the shaft, the rollers expressed the contents of the 
tubing through the outlet, and the tubing refilled behind the rollers from the inlet. The 
fixed cylinders were made from flat-face pulleys, each being fitted with two pairs of brass 
collars to form channels in which the rubber tubing lay. Each pulley carried the tubing 
for two pumps; a mounting pedestal prevented rotation of the pulley as the shaft revolved 
within it. The inlet and outlet tubes were 0.125 inch copper tubing, soldered into a piece 
of suitably drilled braas rodding fitted with nipples for attaching the rubber tubing This 
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assembly was held in place by a mounting lug and screw, and was inset into the pulley so 
that it and the ends of the rubber tubing were covered by a curved brass plate attached to 
the brass collars. This cover-plate provided a smooth path to be traversed by the rollers 
as they passed over the gap between the ends of the tubing. If the plate is adjusted to lift 
slowly the advancing roller from the tubing, an uninterrupted outflow of liquid is obtained. 
A second pulley, attached to the drive-shaft by a setscrew, was equipped with face-plates 
as shown to hold the shafts carrying the rollers. The proximal plate was slotted, allowing 
radial movement of the roller-shaft, but not lateral motion of it. 

The drive-shaft was driven at a speed of 7 revolutions per hour. The rubber tubing 
should bo mounted on tbe pumps under moderate tension, and should be replaced after a 
month of continuous operation. Each pump delivered approximately 140 cc. per day, de- 
pending on tbe tension of the tubing. The daily rate of pumping of an individual pump 
did not vary from day to day from the mean value by more than 5%. The simplicity of 
construction and dependability of operation of this pump should make it useful in other 
types of experimental work. 

Drug infusions . The reservoirs for holding drug infusions were graduated 500 cc . bottles 
fitted with Mariotte stoppers. The infusion was an isotonic solution containing 1.2% 
sodium citrate dihydrate and 4.2% glucose, adjusted to pH 7 by the addition of hydrochloric 
acid. In early experiments, a solution containing 0.8% sodium chloride and 0.8% sodium 
citrate was employed, but occasional ducks died on the second or third day. The infusion 
was prepared in a manner to insure sterility, and the pumps and tubing leading to the ducks 
were flushed out with alcohol. 

One duck in an experiment received plain infusion; the others received drug infusions, 
the concentration of drug being determined by tbe desired dose, the weight of the bird, 
and the rated output of the individual pump. Injection of the infusions was begun at the 
time of infection. 

Infection and criterion of response to therapy. Each bird was infected with an intravenous 
dose of 3 X 10* parasitized red cells per kgm. of body w eight, the blood being taken from a 
large donor duck heavily parasitized with P. lophurae. A blood smear was prepared daily 
from each duck for estimation of the degree of parasitemia, and tbe volumes of infusions 
injected daily were recorded. The experiment was concluded on the third day, when the 
ducks were weighed again. The drug doses were recalculated on tbe basis of the mean 
weights during the experiment; a change of more than 10% from the intended dose was sel- 
dom encountered. The control birds reached a parasitemia of 40-70% of the red cells 
parasitized on the third day; rare experiments where the control did not reach 40% were 
discarded. The minimum effective dose of the drug was taken as the dose necessary to 
reduce the parasitemia in the treated bird to one-half that of the control, based on the third- 
day smeats. 

Rf.sui.ts. Standardization with quinine. Tabic 1 illustrates typical results 
obtained with various doses of quinine hydrochloride dihydrate; the minimum 
effective dose was read off a curve constructed from the data. In a series of 
experiments, the mean value of the minimum effective dose of the drug was 15 
mgms. per kgm. per day, ranging from 13 to 17 mgms. per kgm. per day. The 
minimum effective doses of other drugs were determined in a similar manner; 
quinine hydrochloride in a dose slightly below and one slightly above the mini- 
mum effective do«c was always included as a control. 

Discontinuous therapy with quinine and cinchonine compared with continuous 
therapy. In table 2 arc compared the effects produced by single daily doses 
and continuously administered doses of quinine hydrochloride by the intravenous 
route. The first single dally dose of drug was givert at the time of infection. It 
is apparent that, at the level of minimum response, quinine was about twice as 
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effective on the basis of dosage when given once a day as when given by con- 
tinuous infusion. On the other hand, the high degree of response produced by 

TABLE 1 


Response produced by quinine hydrochloride dihydrate against P. lophurae in the duck 
Drug administered during a 3-day test in a continuous intravenous infusion of glucose- 
citrate. 


DUCT HO. 

DOSE 

TEX CENT ERYTHROCYTES PARASITIZED 

1st day 

2nd day | 

3rd day 


mtms.pcrhtm.perday 




1 

0 

9 

ii 

61 

2 

0 

10 

17 

65 

3 

n 

7 

11 

39 

4 

14 


12 

34 

S 

18 

4 

8 

3 

6 

20 

s 

4 

2 


TABLE 2 


Responses produced by quinine hydrochloride dihydrate, administered intravenously once 
daily or continuously during a 3-day test, against P. lophurae in the duck 


EXPERIUEHT ho. 

DOSE 

PREQUEHCY OP 

PER CENT ERYTHROCYTES PARASITIZED 




1st day 

2nd day 

3rd day 

1 

mgms. per kgrrt. 
per day 

0 

1 

7 

15 

40 


11 

once daily 

5 

9 

21 


31 

once daily 

4 

7 

7 


21 

continuous 

6 

9 

28 


30 

continuous 

3 

3 

2 

2 

0 


13 

36 

58 


5 

once daily 

9 

27 

59 


10 

once daily 

9 

7 

16 


15 

continuous 

14 

13 

27 


22 

continuous 

7 

9 

11 

3 

0 


9 

11 

48 


21 

once daily 

3 

2 

0.5 


42 

once daily 

3 

1 

0.3 


42 

continuous 

3 

0.7 

<0.01 


82 

continuous 

3 

0.06 

<0.01 


42 mgms. perkgm. per day of quinine given continuously was not equaled by the 
same dose given once daily. 

At the level of minimum response, cinchonine was about equally effective 
when given once daily or by continuous infusion, the m inim um effective dose 
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being in either case about 30 mgms. per kgm. per day. Death occurred in a 
large proportion of ducks injected with a single intravenous dose of 60 mgms. 
per kgm. of cinchonine, which prevented a comparison of the effectiveness of 
single and continuous doses of this drug at a high degree of response. 

Compounds of arsenic and antimony. Table 3 expresses the results obtained 
with a few compounds of arsenic and antimony. The phenylareinoxides were 

TABLE 3 


Activity of compounds of arsenic and antimony against P . lophurae in the duct 
Drugs administered during a 3-day test m a continuous intravenous infusion of saline 
citrate. 


COMPOUND 

MXXItfUM EMTCTXVr 
DOSE 

Potassium antimony tartrate (tartar emetic)* 

mens per}tm per day 

16 

Sodium antimony thioglycollatet 

16 

3-NHi-4-OCiH<OH-phenylarsinoxide* 

inactive at 64 

4-CHiNHCOCHx-phenylarsinoxide* 

inactive at 16 

4-OCHiCONHi-phenyiarBinoxide* 

inactive at 16 

4-(CHO,COOH-phenjlarsinoxide* 

inactive at 32 

3-NHj-4-OH-phcnylareinoxide (mapharsen) * 

32 

Quinine hydrochloride dihydrate 

15 


* Toxic at the indicated dose, 
t Toxic at 32 mgms. per kgm. per day. 


TABLE 4 

Activity of anlimalanals against P. lophurae in the duck 
Drugs administered during a 3-day test in a continuous intravenous infusion of glucose- 
citrate. 


COMPOUND 

minimum znzcrivt 

DOSE 

Quinine hydrochloride dihydrate 

i *nj ms ptr let* Ptr day 

15 

Cinchonine hjdroclilondc hydrate 

30 

Quinacrinc dihydrochlondc 

G 

0-Chloro-9.(2-dicthylaminocth>lamino)-2-methoxj acridine dihydro- 
chlondc 

18 

P&maqumc hydroiodide monohydrate 

0.15 


kindly supplied by Dr. Harry Eagle. The dosages of these drugs were in multi- 
ples of 10 mgms. per kgm, per day. Potassium antimony tartrate, sodium anti- 
mony thioglycollntc, and mnphnrsen were active in doses at or near the toxic 
level. Tartar emetic is reported to be inactive in human malaria (1), and maph- 
atven is said to terminate clinical symptoms of malaria, but the blood smear 
remains positive (2). 
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Penicillin and streptomycin. Penicillin sodium (Pfizer clinical grade) was in- 
active at a continuous intravenous dosage of 59,000 units per kgm. per day. 
Several batches of crude penicillin were likewise found inactive in daily dosage of 
from 24,000 to 87,000 units per kgm. Penicillin is stated to be ineffective against 
human P. vivax infections (3). 

TABLE 5 

Summation of responses in simultaneous administration of quinine hydrochloride dihydratc 
and cinchonine hydrochloride hydrate 


Drugs administered in a continuous intravenous infusion of glucose-citrate to ducks in- 
fected with P. lophurae during a 3-day test. 


DUCK HO. 

DOSE 

PER CENT EEYTHROCYTES PABASITirED 

Quinine 

hydrochloride 

Cinchonine 

hydrochloride 

1st day 

2nd day 

3rd day 

1 

mgms. per kgm 
per day 

0 

mgms. Per kgm. 
Per day 

0 

9 

17 

85 

2 

15 


11 

12 

14 

3 

0 

35 

6 

10 

4 

4 

7.5 

17.5 

8 

16 

14 

5 

10 

23 

4 

4 

4 

6 

15 

36 

2 

1 

0.4 


TABLE G 

Failure of responses to stimulate in simultaneous administration of qumacrine dihydrochloride 
and pamaquine hydroiodide hydrate 


Drugs administered in a continuous intravenous infusion of glucose-citrate to ducks in- 
fected with P. lophurae during a 3-day test. 


DUCK NO. 

DOSE 

PER CENT ERYTHROCYTES PARASITIZED 

Qumacrine 

dihydrocbloride 

Pamaquine 

hydroiodide 

1st day 

2nd day 

3rd day 

1 




— 

44 

2 





12 

3 





21 

4 

3 

0 07 

9 

22 

3S 

5 

4.3 

0 10 

10 

15 

39 

G 

6.5 

0.15 

8 

15 

11 


Streptomycin hydrochloride (Merck) was inactive at a continuous dosage of 
330,000 units per kgm. per day. 

Quitenine. This drug is of interest because it is affirmed by some, and denied 
by others, to be a degradation product of quinine in man (4). It was found to 
be inactive in a continuous dose of 72 mgms. per kgm. per day, which agrees 
with the observation that it is inactive in human malaria in a dose higher than 
the effective dose of quinine (4). 
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Activity of some common antimalarial drugs and their combinations. The mini- 
mum effective doses of these drugs were determined as described previously for 
quinine; the results are given in table 4. The responses produced by combina- 
tions of some of these drugs in pairs were investigated. The dosages of the 
six ducks in such a combined therapy experiment were as follows: (1) untreated 
control; (2) minimum effective dose, (a), of drug A; (3) minimum effective dose, 
(b), of drug B ; (4) 0.5 (a) plus 0.5 (b) ; (5) 0.67 (a) plus 0.67 (b) ; (6) 1 .0 (a) plus 
1.0 (b). On the basis of the results, the pairs of drugs could be classified as 
exhibiting either summation of response or no summation of response. Summa- 
tion of response was observed when the response in bird no. (4) was equal to, 
and that in bird no. (6) was considerably greater than, that in birds no. (2) or 
no. (3). In table 5 is presented the protocol of a typical case where summation 
was observed. When no summation was observed, as in table 6, the responses 
were of the magnitude produced if only one drug of the pair were present. Sum- 
mation was observed for quinine-cinchonine, and for quinacrine-6-chloro-9-(2- 
diethy]aminoethylamino)-2-methoxyacridine, which is to be expected on the 
assumption that, in the respective pairs, both drugs have a common mechanism 
of action. ISto summation was seen with quinine-quinacrine, quinine-pama- 
quine, or quinnerine-pamaquine. Assuming that one drug of a pair has no 
effect on the disposition of the other drug at the dosage level employed, these 
results suggest that three different principal mechanisms of drug action against 
P. lophurae are involved for quinine, quinacrine, and pamaquine. This does not 
exclude the possibility that these drugs may have common secondary mecha- 
nisms of action. 


SUMMARY 

1. A method incorporating a simple rotary injection pump is described for 
continuous intravenous administration of drugs to ducks infected with P. 
lophurae. 

2. On the basis of dosage, quinine was more effective at the level of minimum 
therapeutic response when given intravenously in single daily doses than when 
given by continuous infusion; at a high level of response, the converse was tme 

3. At the level of minimum response, cinchonine was equally effective when 
given in single daily intravenous doses or continuously. 

4. Tartar emetic, sodium antimony thioglycollate, and mnphareen were effec- 
tive in doses at or near the toxic level. 

5. Penicillin, streptomycin, and quitenine were inactive in the doses em- 
ployed. 

G. Summation of therapeutic response was shown by the following two com- 
binations: quininc-cinclionine, and quinacrine-G-ch1oro-9-(2-dicthylaminoethyl- 
amino)-2-metho\yacridinc. No summation of response was exhibited by the 
following combinations: quinine-quinacrine, quinine-pamaquine, and quina- 
crini-pamaqnine. These results- suggest that quinine, quinacrine, and pama- 
quine each possess a different principal mechanism of drug action against P. loph- 
uror in the duck. 
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When large numbers of synthetic organic compounds were examined in this 
laboratory for antimalarial properties, the determination of toxicity of the more 
active drugs was an aid in orienting the program. The amount of compound 
available for toxicity investigation was seldom more than five to seven grams. 
A chronic toxicity determination was indicated, since successful compounds 
would be employed in man in multiple daily doses for a number of days. 

Oral administration of drugs by the drug-diet method was employed, as it 
appcats to be the most convenient method for frequent dosage of mice (1). 
There are numerous reports in the literature in which the rat has been used for 
chronic toxicity investigations, the drugs being administered by drug-diet, and 
the inhibition of weight-gain being used as an index of toxicity. The mouse was 
chosen as an experimental animal for the present work in preference to the rat 
for the following reasons: (1) a simple means is available for administering drug- 
diets quantitatively to the mouse; (2) the smaller size of the mouse permits the 
use of more animals for a given quantity of drug; and (3) occasionally, drugs 
appear to be so obnoxious to the rat that satisfactory drug intakes are not at- 
tained (2). 

Tile method described below determines the maximum tolerated daily dosage 
of the drug administered for one week to groups of ten mice. The relatively 
short treatment period of seven days was a limitation imposed by the moderately 
low toxicity of the drugs examined and the limited quantity available. Nearly 
two hundred compounds have been examined by this method; based on those 
which have reached the stage of limited clinical trial in man, the following gen- 
eralizations can be made concerning the relationship between the toxicity of 
these compounds in the mouse and the human: (1) The mouse test frequently 
enables a rough "order of magnitude” of toxicity of a new compound to be as- 
signed. Pamaquine (plasmochin), for instance, is seen to be more toxic than 
quinnerine (atabrinc), which in turn is more toxic than quinine, and this is like- 
wise true in the human. Due to well-recognized differences between the two 
species, fairly large discrepancies can be expected to occur. (2) In several series 
of chemically closely related compounds (e.g., homologous series), the relative 
toxicitics of the members of each series have thus far agreed quite well in the 
mouse and the human. 


1 The "»:k described in thin paper was done under a contract, recommended bv tlic 
Commit:. !- «n Medical Research, between the Office of Scientific Research nnd Develop- 
ment, n-i.i '1 he Johns Hopkins University. 
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Experimental method. Special cages were designed to minimize attention during the 
course of an experiment. A cage 6 inches high by 6 inches deep by 25 inches long was folded 
from 24 gauge galvanized iron. It was fitted with a bottom grid of wire mesh (16 mesh to 
the square inch), and a set of legs raising the grid 1.25 inches off the supporting surface. 
The cage cover was hinged in the center in the long dimension, the rear segment being made 
of sheet metal, and the front segment of wire mesh. The cage was divided by nine par- 
titions into ten individual cages measuring 6 inches high by 6 inches deep by 2.5 inches wide. 
Through a rectangular hole in the narrow front side of each individual cage was inserted the 
horizontal leg of a food hopper constructed as shown in figure 1 from 28 gauge galvanized 
iron. The bottom of the food hopper rested on the wire grid floor, and the hopper was 
permanently attached to the cage wall. The edge of the half-inch hole through which the 
mouse consumed food was rolled to prevent injury. A strip of metal, Boldered around the 
edge of the platform pierced by the feeding hole, served as a retaining wall to help prevent 
wastage of food. Finally, a narrow trough, 1.4 inches wide by 0.75 inches deep by 24.5 



Fig. 1. Mouse Food Hopper 

inches long, was suspended just under the grid of the cage below the row of food hoppers to 
catch any food spilled off the feeding platform. The maximum food wastage in this cage 
was S%; usually, it was about 4%. The solid section of the hinged cage cover was drilled 
at proper intervals to admit the stems of conventional water feeders constructed from 100 
cc. wide-mouth bottles. The food hopper and water bottle as described hold a 10-14 day 
ration for a 20 gram mouse. 

Drug-diets were prepared in 300 or 400 gram quantities for each group of 10 mice, de- 
pending on the anticipated toxicity of the particular diet. The drug sample was ground 
thoroughly with 5-10 grams of starch as an excipient, and powdered Wayne Fox chow was 
slowly ground in to give the desired final diet concentration, followed by a thorough me- 
chanical mixing. If a very limited amount of drug were available, a single diet was pre- 
pared of sufficient concentration to be intolerable to the mice; successive dilutions were 
made from the residual diet until a tolerated diet was found. Each successive diet concen- 
tration was not less than one-half the preceding concentration. 
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Each diet concentration in an experiment was offered to a group of 10 mice contained 
in one of the special cage units. The total available diet was weighed, and a small weighed 
amount of diet was reserved to replenish food hoppers exhausted before the end of the 
experiment; the rest of the diet was distributed equally by weight into the ten food hoppers. 
Ordinary household measuring cups, if filled and leveled by a standard procedure, served 
admirably to divide the food equally, as the error in weight delivered to each hopper was 
leBS than five per cent of the mean weight delivered to each of the ten hoppers . 

Mice weighing 16 ±2 grams were most satisfactory; animals weighing less than Id grains 
did not grow well in the cages, and mice above 18 grams in weight frequently restricted 
their consumption of drug-diets. 

The mice used were the CFW strain (Carworth Farms), and were generally males. They 
were held in the laboratory several days, and on the day of the start of the experiment, they 
were divided into three groups weighing 14-16, 16-18, and 18-20 grams. Any animals ap- 
pearing less lively than normal, or showing signs of diarrhea, were discarded. The desirep 
number of samples of 10 mice were made up by aliquots from these large groups, in order 
that roughly equal weights for all samples be obtained. There should not be more than 
one or two mice in the 10-mouse sample weighing 18-20 grams. If each mouse is weighed 
when the animals are transferred to the cages, individual mouse responses can be calculated 
and some idea gained of the variability within the sample. In spite of this advantage, 
for practical purposes it suffices to merely weigh the total mouse sample, and the procedure 
to be described is based on this method of treatment. The mice muBt not be excessively 
hungry when placed in. the cages . 

The cages were held during the experiment in a closed room with lights controlled by a 
timer in a sequence of 3 hours light, followed by 3 hours of darkness. Only a slight smooth- 
ing of feeding habits is gained by this imposed 6-hour day. The room was not air-condi- 
tioned, nor was the temperature held closer than about ±4°C- during an experiment. 
Although environmental temperature conditions the acute toxicity of drugs in mice (3), 
there has been no consistent variation in toxicity of drugs in this test over the winter- 
summer temperature range encountered (IO’’-30'’C.) . 

The day of death and the weight of each mouse dying during the experiment were re- 
corded, as well as the presence of any obviouB cause of death. Each day, enough drug-diet 
was pushed down from the vertical portion of the food hopper into the horizontal portion 
to replace that consumed by the mouse . In order to minimize wastage , the level of the diet 
was kept at least onc-cigbth of an inch below the edges of the feeding hole. 

On the seventh day, the experiment was terminated. The survivors in each mouse group 
were combined, and the mean weight of the survivors was determined. Ten shallow U- 
ahaped troughs, each 2.S inches wide, were laid side to side, and the narrow trough under 
the food hoppers was emptied over the set, so that the diet spilled by each mouse was col- 
lected separately. Any fecal contamination was removed by sifting. Then the diet re- 
maining in the food hoppers was collected in similar fashion. The unused diet portion of 
each mouse dying during the experiment was weighed separately, and the unused diet of 
the survivors of each group w-as combined and weighed. 

Interpretation of results. In this test, it was considered desirable to 
select an objective criterion of toxicity which was sufficiently well-defined as to 
permit the assignment of a numerical toxicity value to each compound en- 
countered. Not all criteria which have been employed in evaluating toxicity in 
larger animals apply to the present circumstances. The drug-induced changes 
in behavior and appearance of the mice in this work have generally been difficult 
to e\ nluate objectively, clue in iarge part to the small size of the animal. Rare 
compounds produced characteristic changes, such ns ataxia, paralysis, diarrhea, 
or edema. With the wain! compound, the mice cither appeared normally active 
up to the point of death if they experienced little weight-loss, or lethargic if 
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there had been considerable loss of weight. Compounds which in larger animals 
produce acute symptoms of central nervous system stimulation or depression 
did *not invariably show characteristic symptoms in this test. 

Investigation of gross and microscopic changes in tissues was not done, due 
to lack of facilities for handling the large amount of material. It is questionable 
whether the short treatment period would have permitted full development of 
characteristic pathological lesions for most compounds. 

The inhibition of growth of a mouse following administration of drugs appears 
to be much more erratic than that of a rat, and we have used the change in 
weight of the 10-mouse group only as a supplementary piece of evidence in 
evaluation of toxicity. 



Fig. 2. Rate of Weight Loss in a Group of 10 Mice at the Maximum Tolerated Drug 
Intake Level of Quinacrine 

Death has proved to be the most reliable index in the present test. The 
objective is to select the maximum mean daily drug intake which allows the 
survival for 7 days of at least nine out of ten mice. It is necessary to decide the 
cause of death of each mouse. Using the final combined weight of surviving 
mice in a group, the number of mouse days, and the total diet consumption for 
survivors, the mean daily diet intake per kilogram of body weight per day is 
calculated. Likewise, this value is calculated for each mouse dying during the 
experiment. A mouse which has eaten far less than the survivors can be as- 
sumed to have died of inanition; usually this is due to dislike of the diet, and 
such deaths occur from the second to the fifth day. A mouse which is excessively 
hungry when offered the drug-diet may consume enough to produce acute 
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toxicity and death. Such. a mouse will usually have a larger diet intake than the 
mean for the group, and death will occur early in the experiment. Mice dying 
from either of these two causes are discarded from the experiment. Mice aTe 
retained which have died with diet consumptions not far removed from the mean 
value. Figure 2 illustrates the uniform rate of weight loss for a 10-mouse group 
typically seen at the maximum tolerated dosage level of a compound producing 
severe weight loss, such as quinacrine hydrochloride, and indicates that the mean 
weight of the group during the experiment is to be preferred for calculation of 
the mean diet intake. Using this mean weight value, a new mean value for diet 



Fiq. 3. Wr.ianx Loss of Mice on Unrestricted and Restricted Normal Diet and on 
Maximum Toff. rated Drug-diets 

. — X — Mice oITcred various amounts of normal diet. Drug diets: O quinine; A quina- 
crinc; □ pamaquine; • results with 113 other drugs. 

consumption is calculated Iot significant mice in the group, and from the diet 
percentage, one arrives at the mean drug intake. 

A perplexing question arose in connection with compounds which cause a 
marked loss of weight: how much do inanition and drug toxicity separately 
contribute toward death? Six groups of six mice were offered normal diet in 
amounts ranging from none to unrestricted quantities. The mean percentage 
weight change of each group is related in figure 3 to the diet intake expressed as a 
per cent of the normal unrestricted intake. If the intake was less than 30% of 
normal, death occurred in a high percentage of cases within seven days. On 
the same figure have been placed the values at the maximum tolerated drug in- 
take level for 1 10 compounds; the normal diet intakes on which Fome of the values 
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are based were estimated from non-toxic drug diets in the experiments. In 
about ten per cent of the compounds examined, the degree of inanition may well 
have been the major factor in the death of the animals. Figure 3 also indicate 
that the use of the criterion of weight loss would have led in a large majority of 
cases to a toxicity value different from that based on death. 

A criticism that has been made against the administration of drugs in the diet 
in toxicity work is that the animals may exhibit more inanition than if the drugs 
were given by stomach-tube. Quinacrine dihydrochloride is a compound which 
produces severe weight loss and inanition when administered in the diet (fig. 3), 
and if the criticism is justified, a difference in food consumption might be ex- 


TABLE 1 

Comparison of seven-day chronic toxicity of quinacrine hydrochloride when administered by 
drug-diet and by stomach-tube 


DRUC ADMINISTRATION 

MEAN PER 
CENT LOSS IN 
WEIGHT 

dead/total 
on 7th day 

MEAN DIET 
INTAKE 

MEAN DRUG 
INTAKE 

0.25% drug-diet 


1/10 

trorts/kgm.fdoy 

142 

trams/k[m /day 

0.36 

0.125% drug-diet 


0/10 

162 

0.20 

0.0625% drug-diet 



202 

0.13 

Tubed once daily 


10/10 

54 

0.60 

Tubed once daily 

22 


129 

0.34 

Tubed once daily 

11 

0/9 

182 

0.16 


TABLE 2 


Variation in mean drug intakes of individual mice at maximum tolerated drug-diet concen- 
trations administered for 7 days 


DRUG 

NUMBER OP 
MICE 

DRUG INTAKE 

STANDARD 

DEVIATION 

Range 

| Mean | 

Quinine hydrochloride dihydrate 

Quinacrine dihydrochloride 

Pamaquine hydroiodide monohydrate 

18 

20 

18 

srams/kcm./doy 

1.15-2.3 

0.24-0.64 

0.09-0.135 

if 3 3 3 

-l-idd 

0.28 

0.10 

0.014 


pected if the drug were given by stomach-tube. Table 1 indicates that no 
significant differences in mortality, weight loss, or food consumption were seen 
when the two methods of administration were employed. Furthermore, the 
mice which died on both regimes ate practically no food for a day preceding 
death. 

Precision of test. Table 2 gives an idea of the typical variation in drug 
intake of individuals in mouse groups offered the maximum tolerated drug-diet 
concentration of quinine hydrochloride dihydrate, quinacrine dihydrochloride, 
and pamaquine hydroiodide monohydrate for a 7-day period. In a group of 20 
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mice fed normal diet, the grams of diet consumed per kilogram per day ranged 
from 161 to 240, the mean was 211, and the standard deviation was 22. 

Table 3 illustrates the variability in successive determinations of the maximum 
tolerated drug intake for these three drugs. In these experiments, the drug 
concentration in the maximum tolerated diet was usually 50% higher than in 
the next lower diet; the 50% change in concentration was usually accompanied 
by only a 20-30% change in drug intake, due to increased inanition of the mice 
at the higher diet concentration. It appears unlikely that the use of smaller 
drug-diet concentration increments would be accompanied by any substantial 
gain in precision. 

As in other bioassay methods, it was observed that when two compounds were 
compared in successive tests, the ratio of toxicities of the pair was more constant 
than the absolute toxicities. For example, in four comparisons of quinine and 
quinacrine, the maximum tolerated drug intakes (grams per kgm. per day) and 
their ratio were as follows: 1.43, 0.395, 3.6; 1.88, 0.45, 4.2; 1.34, 0.35, 3.8; and 
1.64, 0.40, 4.2. The highest value of tolerated drug intake was 40% and 29%, 

TABLE 3 


Variability in determinations of maximum tolerated drug intakes in successive 7 -day 

experiments 


DRUG 

number or 

i DETER- 
| M1NATIONS 

KEAN 

I % LOSS IN 
| WEIGHT 

TOLERATED DRUG INTAKE j 

STANDARD 

DEVIATION 

Ran gc 

Mean 




jrcnjj/ijm /day 

grant/ 
kgm /day 


Quinine hydrochloride dihydrate.. 

36 

9 

1.23 -2.22 

1.68 

0.26 

Quinacrine dihydrochloride.. 

7 

20 

0.300-0.451 

0.36S 

0.049 

Pamaquine hydroiodide mono- 






hydrate 

9 

9 

0.072-0.133 

0.09S 

0.021 


respectively, above the lowest value for each of the two compounds, whereas 
the highest ratio of toxicities obtained was only 17% above the lowest value. 
For this reason, we have employed a suitable compound in each experiment to 
serve as a standard of reference, against which the toxicities of the new com- 
pounds were expressed as ratios. The standard of reference was set up so that 
the maximum tolerated diet concentration was 50% greater than the next lower 
diet concentration. If the new compounds are set up in like manner, it is be- 
lieved that differences in toxicity between two compounds of the order of twenty- 
five per cent may be detected, using ten mice for each diet concentration. 

In this test, quinacrine hydrochloride was four times as toxic as quinine hydro- 
chloride, and pamaquine hydroiodido was fourteen times as toxic as quinine 
hydrochloride. 


SUMMARY 

A method is described for determining the chronic toxicity of drugs when 
administered to mice for seven days. The use of the drug-diet method of ad- 
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ministration, and of death as an end-point, results in a simple procedure for rapid 
evaluation of large numbers of compounds. The precision of the method is 
illustrated by data on quinine, quinacrine, and pamaquine. 
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Stimulation of the central nervous system is generally recognized as an 
important part of the action of certain vasopressor amines. While this action 
may be valuable for some clinical uses it may he more or less undesirable in 
others. The importance of central activity then, as well as the lack of informa- 
tion for several compounds recently introduced into medical practice, led to the 
present study. 

The central stimulant activity of seven commercial vasopressor amines was 
estimated by determining the total activity of white rats. The technique 
employed was similar to that of Schulte and co-workers (1, 2) except that in the 
present study the doses employed were fractional parts of the LDto- Such a 
dosage plan is reasonable since in evaluating drugs considerable importance is 
attached to the relation between various effects and toxicity as determined by 
lethal doses. In addition to providing data on the comparative central stimulant 
action, the present study yields information regarding satisfactory dosage levels 
for evaluating new compounds. 

Method. Adult white malo rats weighing 190 to 230 grams, the weight range used in the 
ncute subcutaneous toxicity studies at 26°C., were employed in these experiments. Sixteen 
individuals were used for each dosage level. Theso animals were divided into two groups 
of eight rats each which were teBtcd on successive days. Doses equal to five, ten, or twenty 
per cent of the LD t0 were administered subcutaneously on the dorsal surface. Animals 
were then put into the test chamber at 29'C., and the activity was recorded for a period of 
six hours. The average activity of the sixteen animals for each test was determined, and 
the standard error was calculated. 

Control rats were given physiological saline solution subcutaneously in a volume equiva- 
lent to that administered in the highest dosage level. No group of rats was used more than 
once in order to eliminate any possible effects from previous injections. 

The amines studied in this investigation were: Benzedrine (dM -phenyl -2- 
aminopropane) ; Ephedrinc (M-phcnyl-2-methylarainopropanol-l); Propadrine 
(d/-l -phcnyl-2-aminopropanol-l) ; Vonedrine (dM-methylamino-2-phenylpro- 
panc); Privinc (2fa-naphthvlmethyl) imidnzolino); Tuaminc (dl-2-amino- 
heptane); nnd Xeo-Syncphrine (l-(m-hydroxyphcnyl]-2-mcthylaminoethanol). 

Rv.sui.ts, It will be seen from table 1 that Privinc, Tunmine, and Neo- 
Svncphrine caused little if any significant increased activity in any dose level. 
Vonedrine had no significant effect at the lowest dose level and' only slight 
effect at the highest level. Benzedrine, Ephedrinc, and Propadrine were the 
active compounds-. The relative activity of these three varied with different 
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dose levels. Benzedrine was most active at the high level, Ephedrine and 
Propadrine at the intermediate, and Ephedrine at the low dose level. 

From these results it is apparent that the maximal stimulating effect of 
Ephedrine was obtained with five per cent of the LD £0 , and maximal effects of 
Propadrine and Benzedrine w'ere obtained with ten and twenty per cent respec- 

TABLE 1 


The average activity of rats following subcutaneous administration of vasopressor amines in 
doses equal to fractional parts of th'e LDit 


COMPOUND 

LDjj* 

REVOLUTIONS OF WORK ADDER AT EACH POSE LEVEE 

5 per cent l 

10 per cent 

20 per cent 

Benzedrine 

mgm.f 

kgm. 

180 

41.38 ±4.34 

52.75 ± 5.60 

151.50 ±19.16 

Ephedrine 

800 

71.00 ±10.26 

74.95 ± 9.50 

72.81 ± 8.50 

Propadrine 

850 

21.88 ±3.68 

75.25 ±10.33 

68.63 ± 8.30 

Vonedrine 

850 

10.25 ±1.76 

17.80 ± 1.80 

25.55 ± 3.38 

Privine 

420 

9.69 ±1.25 

12.25 ± 1.87 

16.75 ± 2.85 

Tuamine 

130 

8.00 ± 0.92 

6.69 ± 1.15 

13.95 ± 3.01 

Neo-Syneplirine 

28 

9.38 ± 1.76 

4.90 ± 0.48 

5.88 ± 0.94 

Control 




9.25 ± 2.50 


* These values were determined by inspection of mortality curves. Treatment of the 
data according to the method of Miller and Tainter (3) gives slightly different values, 
but the differences are not significant. 

All compounds were tested as the hydrochloride salts except Tuamine which was tested 
as the sulfate. 


TABLE 2 


Mortality ratios for various vasopressor amines in rats injected subcutaneously with frac- 
tional parts of the LD s o ( determined at SS°C.) and kept at £9°C. 


COMPOUND 

PART OF ORDINARY EDM 

5 per cent 

10 per cent 

20 per cent 

Benzedrine 

0/16 

1/16 

5/16 

Ephedrine 

1/16 

4/16 

9/16 

Propadrine 

1/16 

3/16 

13/16 

Vonedrine 

0/16 

0/16 


Privine 

0/16 

0/16 


Tuamine 

0/16 

0/16 

1/16 

Neo-Synephrine 

0/16 

0/16 

0/16 


tively of the LD 50 . This relation between dosage and response is in agreement 
with that noted by Shulte and co-workers (1). They found that 20 mgm./kgm. 
of Benzedrine and 20 mgm./kgm. of Ephedrine were required to produce the 
maximal total effect while SO mgm./kgm. of Propadrine was necessary to give 
this response. 
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The hourly activity records showed that generally the greatest activity 
occurred during the first or second hour of the test. There was a rapid decrease 
in activity after the peak was reached so that generally by the end of the test 
period no stimulation was recorded. Benzedrine and Ephedrine showed a more 
persistent effect. Bats which received the higher doses of these amines still 
exhibited some increased activity after six hours. 

The results of these tests indicate that doses based on fractional parts of the 
LDja are satisfactory for evaluating comparative central stimulant action. The 
most suitable dosage level for screening tests appears to be twenty per cent of the 
LDm. Beactions to this amount of the amines, as well as extent of the informa- 
tion desired, will then determine whether the dosage levels should be increased or 
decreased. 

Although only fractional parts of the LDeo as determined at 26°C. were 
administered, data presented in table 2 show that some of the amines became 
more toxic under the conditions of these experiments. 

Studies, which will be reported later, indicate that the increase toxicity is 
related to the increased environmental temperature employed in the constant 
temperature chamber. 


SUMMARY 

The subcutaneous administration of seven commercial vasopressor amines 
in doses equal to fractional parts of the LDw as determined at 26°C. showed that 
Benzedrine, Ephedrine, and Propadrine caused the greatest central stimulant 
action as measured by the total activity of white rats. 

Maximal stimulating effects observed for these three compounds were obtained 
with five, ten, and twenty per cent of the LD { o of Ephedrine; ten and twenty 
per cent of the LD 50 of Propadrine; and twenty per cent of the LD t0 of Ben- 
zedrine. 

Voncdrinc caused a small amount of stimulation in the higher doses while 
Tuamine, Privine, and Nco-Synephrinc had no significant effect in the doses 
employed. 

Twenty per cent of the LD t o seems to be the most suitable dosage level for 
preliminary screening tests since this dose alone produced maximal observed 
effects with all compounds. 
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It has been shown that several of the benzhydryl ethers are effective in pre- 
venting fatal experimental asthma in guinea pigs subjected to a fine spray of 
histamine solution (1). These ethers have also been shown to decrease the 
severity of anaphylaxis in the guinea pig (2). Of the substances tested in this 
fashion, beta-dimethylaminoethyl benzhydryl ether (benadryl) was the most 
effective. 


/ \ CH 3 

\ /\H H H / 

G — 0— G — G — N 
/ V H H \ 

\ / CH, 

(Beta-dimethylaminoethyl Benzhydryl Ether) 


Such a drug as this would be useful in evaluating the importance of histamine 
in various experimental and clinical situations in which it is known or suspected 
that histamine contributes to the pathogenesis (e.g., anaphylaxis, peptone shock, 
trypsin shock, urticaria, asthma, hay fever, etc.). However, before such an 
evaluation can adequately be performed it is necessary to know the magnitude 
and if possible the mechanism of this histamine antagonism. Such has been the 
purpose of the present investigation, a preliminary report of which has been 
made (3). 

Under conditions of uniform anesthesia and constant blood pressure, histamine 
will, if injected intravenously in submaximal doses at suitable intervals, cause 
quantitatively reproducible falls in blood pressure in the dog. This response is 
sufficiently delicate and constant to have allowed it to be employed in the 
biological assay of histamine, and in the present instance makes it possible to 
study the effect of the proposed antagonist, benadryl, in one and the same ani- 
mal, obviating the necessity for statistical comparison of treated and control 
animals. 

Preliminary observations indicated that intravenous injection of benadryl 
(3 mg. per kilo as the hydrochloride) into barbital anesthetized dogs almost 
completely abolished the fall in blood pressure produced by 0.001 to 0.002 mg. 


1 This investigation has been made with the assistance of a grant from the Clara A. Ab- 
bott Fund of Northwestern University. 

We are indebted to Parke, Davis and Company for the supply of benadryl used in our 
experiments. 
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per kUo of his tamin e acid phosphate. The reduction of the blood pressure 
response to larger doses of histamine (0.016 to 0.032 mg. per kilo) did not appear 
to be as marked. However, when an attempt was made to duplicate, after 
benadryl, the initial fall in blood pressure produced by 0.016 to 0.032 mg. per 
kilo of hist amin e, the dose of histamine had to be substantially increased, indi- 
cating that considerable inhibition had occurred. 



Dose of hista.Trn.nc injected in. m^. per kilo 
Fio. l 


Duo to the fact that the dose-effect curve for histamine is not linear (fig. 1-a), 
it is obvious that the degree of change in the blood pressure response to his- 
tamine is not the optimal index of the antagonistic activity of benadryl. It, 
therefore, became necessary to determine how much of a given dose of histamine 
was antagonized by benadryl. This can be accomplished by attempting to re- 
produce with histamine, following the injection of benadryl, the fall in blood 
pressure produced by a dose of histamine given prior to benadryl. The differ- 
ence. twtvecn these two doses represents the amount of histamine antagonized. 
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A series of experiments was conducted in which histamine acid phosphate was 
injected in doses of 0.001, 0.002, 0.004, 0.008, 0.016 and 0.032 mg. per kilo. The 
maximum fall in blood pressure produced by each dose of histamine was meas- 
ured in millimeters of mercury. Benadryl (3 mg. per kilo) was injected in- 
travenously, and after five minutes progressively increasing doses of histamine 
were injected in an effort to reproduce the range of blood pressure depressions 
produced by the original doses of histamine (fig. 2). 

In order to determine the amount of a given dose of histamine which was 
antagonized by benadryl curves were constructed relating the fall in blood pres- 
sure (in mm. of mercury) before (fig. 1-a) and after (fig. 1-b) the injection ofbena- 
dryl. The amount of a given dose of histamine which is antagonized by benadryl 
can be determined from these curves by subtracting from the dose of histamine 
injected following benadryl, the dose of histamine which produced the same fall 



l k 3 5 ' 7 5 V lO n iz 15 

Fig. 2. Dog, 10 Kilo; Barbital Anesthesia, Carotid Blood Pressure 

1 — 0 001 mgm. per kilo histamine acid phosphate intravenously, 2 — 0 002 mgm per kilo; 
3—0 004 mgm. per kilo, 4 — 0 008 mgm per kilo, 5—0 016 mgm per kilo, between 5 and 7 
3 0 mgm. per kilo of benadryl intravenously, 6—0 001 mgm per kilo of histamine acid phos- 
phate per kilo intravenously, 8 — 0 002 mgm per kilo, 9 — 0 004 mgm per kilo, 10— 0 00S 
mgm per kilo, 11 — 0 016 mgm per kilo, 12 — 0 032 mgm per kilo, 13— 0 064 mgm per kilo. 

in blood pressure prior to benadryl. Inspection of these curves reveals an 
apparent relationship between the doses of histamine which produce a given fall 
in blood pressure befoie and after benadryl. In each instance a constant multi- 
ple of the original dose of histamine seemed to be required. In order to test 
whether such a relationship actually exists, a plot was made of the dose of hista- 
mine injected following benadryl against the amount of this dose which was 
antagonized by benadryl. Such a plot (fig. 3) reveals a direct proportionality. 
Or, in other words, a constant per cent of any dose of histamine appears to be 
antagonized by a given dose of benadryl. 

Such a relationship suggests that benadryl antagonizes histamine by inter- 
fering with an equilibrium between histamine and its site of action, by combining 
either with histamine or its site of action The chemical structure of benadryl 
(beta-dimethylaminoethvl benzhydryl ether) suggests that direct chemical inter- 
action with histamine is improbable, leaving combination of benadryl with the 
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site of action of histamine and subsequent interference in the normal histamine 
equilibrium a strong possibility. 

In view of the direct proportionality between the dose of histamine injected 
and the amount of this dose antagonized by a given amount of benadryl, it be- 
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come*; important to Know how thi= constant changes with varying doses of 
lienadrj 1 It was previously noted that the histamine antagonizing effect of a 
do e of ,1 mg. per Kilo of benadryl persisted with only slight diminution for a 
period of two hours after injection. It was, therefore, assumed that any nddi- 














126 J. A. WELLS, H. C. MORRIS, HENRY B. BULL AND CARL A. DRAGSTEDT 


tional injection of benadryl during such an interval would result in more or less 
complete cumulation, and thus it would be possible to study the influence of 
increasing concentrations of benadiyl in the same animal. 

In a series of experiments on four dogs progressively increasing doses of his- 
tamine acid phosphate were injected intravenously to determine the control 
blood pressure responses to histamine. Following the injection of 0.1 mg. per 
kilo of benadiyl, varying doses of histamine were again injected and showed 
decreased effects. This procedure was repeated for additional doses of 0.1, 0.3, 
0.5, 1.0, 2.0, 4.0 and 8.0 mg. per kilo of benadryl, making cumulated concen- 
trations of 0.1, 0.2, 0 5, 1.0, 2.0, 4.0, 8.0 and 16.0 mg. per kilo of benadryl. The 
results of one such experiment is shown (fig. 4). 

By the previously mentioned technique, the per cent antagonism of histamine 
was determined for three doses of histamine at each effective concentration of 
benadiyl. The values for the per cent antagonism of the various doses of his- 
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tamine varied only slightly and were averaged to give a figure for the per cent 
antagonism of histamine at each dose level of benadryl. 

On plotting, for a given experiment, the per cent inhibition of histamine against 
the effective dose of benadryl, it was noted that in all animals the dose-effect 
curve assumed the shape of a rectangular hyperbole with inhibition rising 
sharply at low doses of benadryl and then at a dose of about 1.0 mg. per kilo 
rapidly approaching an asymptote at about 97 per cent inhibition (fig. 5). 

In view of the previously mentioned possibility that benadiyl may act by 
combining with the site of action of histamine, disturbing, thereby, a histamine 
equilibrium, it was thought that benadryl might be adsorbed onto the effector 
site and thus the dose-effect relationships for benadryl should follow known ad- 
sorption patterns. 

By assuming that the per cent inhibition of histamine at any effective concen- 
tration of benadryl is a measure of the amount of benadryl which is adsorbed 
onto the site of action of histamine, it was then possible to determine whether 
the dose-effect relationships for benadryl can be described by a known adsorption 
equation. 
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The adsorption equation which was chosen was the Langmuir isotherm (4) 

C = J C 

a ap 

which states that the ratio of material to he adsorbed (C), in the present instance 
the effective concentration of benadryl in mg. per kilo, to adsorbed material (a), 
in the present instance the per cent inhibition of histamine, is a linear function 
of the material to be adsorbed (C). Or, in other words, if the present data are 
compatible with an adsorption phenomenon, then the ratio of the concentration 
of benadryl to the per cent inhibition of histamine should be a linear function 
of the concentration of benadryl. 



Effective concentration of benadryl (m^. per kilo) 

Fm. C 

A plot of these values for each experiment in this study showed this to be the 

case. From such a linear relationship slope and intercept constants 

can be determined, by means of which it is possible to fit the experimental data 
obtained with the Langmuir equation. An example of the adequateness of the 
fit can be seen on one of these experiments (fig. G). 

It may then be concluded, as to the magnitude of the antagonism of histamine 
by benadryl, relative to the effects on the dog’s blood pressure, that a practical 
maximum inhibition of about 94 per cent is obtained with 4.0 mg. per kilo of 
benadryl. It may he concluded, as to the mechanism of this antagonism, that 
benadryl, bv Ix-ing adsorbed onto the rite of action of histamine may so disturb 
the histamine equilibrium that a given amount of histamine has much less oppor- 
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tunity to reach and combine with its site of action. Such an antagonism can be 
thought of as competitive. 


DISCUSSION 

The mode of action which has been suggested for benadryl in the present paper 
is perhaps best thought of as a competition between histamine and benadryl 
for a given site of action or receptive substance. It is implied that if benadryl 
combines with the receptive substance no particular reaction occurs, but that it 
prevents, thereby, histamine from combining with this same site with the pro- 
duction of a biological effect. 

Such a mode of drug antagonism is, of course, not novel. It has been well 
demonstrated for other types of antagonism such as the atropine-acetyl-choline 
system (5), the para aminobenzoic acid-sulfonamide system (6), and the ergo- 
toxine-epinephrine system (7). 

More complete consideration of these mechanisms is to be found in the work 
of Clark (8) and in a recent discussion by Gaddum (9). 
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The investigations of MacKenzie and MacKenzie (1) and of Astwood and his 
coworkere (2, 3) have shown that many of the chemotherapeutically active 
sulfonamides were goitrogenic. Since this laboratory has been studying the 
chemotherapeutic value of sulfones which are, in effect, rearrangement products 
of sulfonamides, these compounds and some of the corresponding sulfides have 
been tested for their antithyroid effect in rats. This investigation was stimu- 
lated by the observation of Higgins and Larson (4) that 4-aminophenyl 2'-amino- 
5'-thiazolyl sulfone (Promizole) caused marked thyroid hyperplasia in young 
rats when administered for several weeks. The heterocyclic substituted sulfones 
and sulfides which have been tested are listed in table 1. These were supplied 
by Dr. L. L. Bambas who has described their synthesis elsewhere (5). 

Pohl (6) has shown that administration of thiourea to animals caused the 
appearance of an odorous substance in the expired air. On the basis of his 
experiments he concluded that the odor was due to exhaled methyl on ethyl 
sulfide. It is conceivable that these substances could be easily oxidized to the 
corresponding sulfone and partially excreted as such. For this reason we have 
investigated diethyl sulfone to establish its possible role in the antithyroid ac- 
tivity of thiourea. • 

Astwood demonstrated that 2-nminothiazole, a simple heterocyclic component 
of sulfathiazolc, is an active goitrogen (3). In the first paper of this series, we 
have reported that thiazoline-2-thiol (4 ,5-dihydro-2-mercaptothiazole) was more 
active than thiouracil. Certain derivatives of this and other simple heterocyclic 
compounds hnve therefore been tested for antithyroid activity. It may be noted 
that Fome of the heterocyclic ring compounds shown in table 3 constitute the 
heterocyclic component of the sulfones listed in table 1. 

Results. The method used to evaluate these compounds has been described 
(7). 

Sul fours. As a group the sulfones included in table 1 are relatively inactive. 
In agreement with the results of Higgins and Larson (4), Promizole induced 
hyperplastic thyroids but only with large doses in our 10-day test, and is 18 per 
cent as active ns thiouracil. It is, however, the most active of the group of 
sulfones tested. Diethyl sulfone is inactive and we conclude that if thiourea is 
converted into the laxly to diethyl sulfone, the activity of the former is not due 
to the formation of this sulfone. 

Sul Mrs, if the active goitrogens inhibit thyroid hormone synthesis by inter- 
ference with the oxidative mechanism in the thyroid gland, the sulfides cor- 
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responding to the above chemotherapeutically active sulfones should be more 
potent goitrogens because they are easily oxidized. Comparison of table 1 Truth 
table 2 shows that the sulfides do possess markedly greater antithyroid properties. 
This fact is illustrated in the case of Promizole and its corresponding sulfide 



0.1 1.0 10 100 


AVERAGE DAILY DOSE- M GM PER KG. BODY WEIGHT 

Fig. 1. Curves showing relationship between thyroid iodine concentration and dose for 
tbiouracil, 2-thio-5-amino-l,3,4-tbiadiazo!e, 4-arainophenyl 2'-amino-5'-thiazolyl sulfide, 
the corresponding sulfone and 4-aminophenyl 2'-acetnmino-5'-thiazolyl sulfide. The 
compounds were given to rats in their food fora period of ten days. The average daily dose 
was calculated from the concentration in the food and the average food intake. The lines 
were calculated by the method of least squares from the experimental data Activity was 
estimated from the dose under the intercept of the slope line and the 12 mgm. per cent base 
line, thiouracil being assigned a value of 100 


(4-aminophenyl 2'-amino-5'-thiazolyl sulfide) by the dose-response curves which 
are recorded in figure 1 together with that of thiouracil. 



Promizole “Promizole Sulfide” 

(18) (53) 
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2, l-DioxotMasoUdlnp COCK.N-=COS 3 0.01 12 3.9 5.9 38.9 

3 0.10 93 2.0 9.-1 10.1 
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Acetylation of the above sulfide (curve 5) resulted in decreased activity, the 
compound having the same potency as Promizole. The slope of the line for 
Promizole diverges considerably from the average slope obtained for other com- 
pounds which we have studied (7, 8). While the reason for this discrepancy is 
not entirely clear, it is probable that this compound is metabolized differently 
than other sulfones. 

Thiazolines, oxazolidines and ihiadiazoles. Alkylation of 2-thiazoline-2-tbiol 
led to decreased antithyroid potency (table 3). Oxidation of the parent com- 
pound to rhodanine (4-oxothiazoline-2-thiol) also resulted in decreased activity, 
but conversion of rhodanine to 2,4-dioxothiazolidine caused an increase in 
activity as judged by the limited experimental data of screening tests. Intro- 
duction of a phenyl group into rhodanine had little effect on its antithyroid 


TABLE 4 

2-Aminofchiadiazoles 

N, »N 

11 II 

R — C, *C — NH. 

'V 


* 

ACTIVITY 

(THIOUJtACIL - 100 ) 
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activity. In view of these results further investigation of simple alkyl and aryl 
derivatives of 2-thiazoline-2-thiol has been discontinued. Three oxazolidines 
containing a sulfonic acid grouping were tested and found to be inactive. Oxa- 
zolidine-2-thiol itself has not been studied in our laboratory. 

One of the most actively antithyroid compounds found in this series was 5- 
amino-1 ,3 ,4-thiadiazole-2-thiol (TC-68). By reference to tables 1 and 2 it will 
be seen that it is the heterocyclic component of a p-aminophenyl sulfide and 
sulfone, neither of which possess pronounced goitrogenic properties. Com- 
parative activity of these compounds as well as that of one p-nitro-derivative, 
is recorded in table 4. It is noteworthy that as the substituent becomes less 
complex, the antithyroid activity increases. This observation is in conformity 
with that made in other series where it has been shown that substitution of 
hydrocarbon groups in the simple heterocycle destroys activity. Replacement 
of the 2-amino group by an — SH group resulted in greatly decreased potency. 
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TC-68 is relatively non-toxic in doses as high as 350 mgm. per kg. per day for the 
10 day test period. In view of this relative non-toxicity and its high potency, 
TC-68 is to be studied in detail. 

Marfanil (p-aminomethyl benzene sulfonamide) and the corresponding di- 
substituted compound [di-(p-sulfamylbenzyl)amine] are both inactive goitrogens 
even when administered in 0.5 and 0.3 per cent concentration in the food respec- 
tively. Eats fed either substance drank considerably more water than un- 
treated rats and in the case of marfanil at the higher dose level, had diarrhea. 
The cause of this is unknown. When the sulfamyl grouping of marfanil is 
replaced by an hydroxyl (p-hydroxybenzyl amine) and the latter fed to rats, 
thyroid hyperplasia occurred but rather than a greatly diminished total thyroid 
iodine concentration as would be expected with any trace of goiter, the iodine 
concentration showed a slight increase. This same effect was noted in the case 
of p-hydroxybenzyl methyl amine. An explanation for this effect is not apparent. 

SUMMARY 

Thirty eight compounds including 14 chemotherapeutically active sulfones 
and sulfides, were tested for their antithyroid activity in rats. Promizole was 
the most active goitrogen of the sulfone group, having, however, only 18 per cent 
of the activity of thiouracil. In general, sulfides corresponding to the sulfones 
were more active, “Promizole sulfide” showing 53 per cent of the potency of 
thiouracil. 

Of the simple heterocycles related to the above compounds only 5-amino- 
thiadiazolc-2-thiol (TC-68) exhibited marked antithyroid activity and is being 
investigated further. Certain relationships between chemical structure and 
antithyroid activity of these simple heterocyclic compounds have been discussed 
in terms of the experimental data. 

Acknowledgment: We are indebted to B. F. Tullar, C. K. Banks and M. L. 
Black for preparation of some of the sulfones, to the Eastman Kodak Go. for 
the oxazolidincs, to W. R. Coleman and N, D. Jenesel for assistance in prepara- 
tion of many compounds and to Virginia Hinchman for technical assistance 
with the animal work. 


REFERENCES 

(1) MACKrMir, C G , and J. B. Mackenzie: Endocrinol., SJ: 1S5, 1913. 

MacKiszii;, J. B., and C. G. Mackenzie: Bull. Johns Hophins Hosp., 74: S3, 1944. 

(2) Astwood, E B., J. Sblmvav, A. Bissell, and R. Ttslowitz: Endocrinol., 32: 210, 

1913 

(3) Asm ood, E B This Journal, 78: 79, 1913. 

(4) Higgins, G M., avo R. A I,ar*on. Proc. Staff Meet., Majo Clm., 19: 137, 1944, 

(5) Bamdas, I, I,.: J. Am Chrm.Soc ,67: CCS, 671, 1945. 

(0) Pom., J • Arch. f. riper, pms,. u Pharmahol., 61: 311, 1991. 

(7) MrGiNTr, t). A., and W. G. Btwateh: This Journal, In Prc's. 

(S) llr« ateh, V . G., I). A. McGintt, and N. £>, Jevssel: This Journal, In Pre««. 



STUDIES ON THE MECHANISM OF ACTION OF 
SYMPATHOMIMETIC AMINES 

I. The Effect of Various Amines on the Synthesis of Cocarboxylase 

WM. M. GOVIER, VERA BERGMANN, and KARL H. BEYER 

From the Department of Pharmacology, The Medical-Research Division, Sharp and 
Dohmc, Inc., Glenoldcn, Pa. 

Received for publication June 25, 1945 


Considerable knowledge has been accumulated as to the mode of inactivation 

0 syrnpat orrumetic amines by tissues but relatively few papers have appeared 
which throw light on the mechanisms whereby these compounds are able to 
exert their well-known pharmacological “actions.” If one selects one of these 
effects, namely the pressor phenomenon, one must conclude that a source of 
energy must e quickly activated to supply fuel for smooth muscle contraction. 
Since the energy-rich phosphate linkage is one of the largest rapidly available 
sources q potentia energy in tissue oxidations, the authors thought it of possible 
interest to investigate the effect of pressor amines on phosphorylation mech- 
anisms. e system lere reported, namely that of cocarboxylase synthesis by 
liver tissue, was chosen since its mechanism has been well worked out and a 
specific method for cocarboxylase estimation exists, although at present there 

mimcMect 6 S SyStem is im P lica,C(1 directly in the sympatho- 

Methods. It was demonstrated by Ochoa (1) and by Govier and Greig (2) 

from f‘wTi‘- VCr . S1Ce , S , (but ? 0t hom °Eenate) can synthesize cocarboxylase 
m added thiamin and pyrophosphate, under aerobic conditions. This tissue 
was employed m the present study. 

r.i<T r ^’^ an ^ s ii ces "ere cut from livers of normal pigeons and immediately 
placed in oxygenated Ringer-veronal buffer, pH 8.5. They were blotted lightly 
an p ace in previous y prepared vessels containing thiamin in final concentra- 
tion of lOOy/cc sodium pyrophosphate in 0.01 M final concentration, and 
Ringer-veronal buffer, pH 8.5 to make a final volume of 3.0 cc. Sympatho- 

^ t0 thG V6SSels t0 make a concentration of 

.jm . , e Vesse s affixed to simple constant volume manometers, 

equilibrated with oxygen and shaken for one hour at 37°. Each experiment 
contained a start control ’, which was boiled at the time of placing the vessels 
m the bath, and a run control" containing no amines, in addition to the vessels 
containing amines. After incubation for one hour the vessels were heated in 
boiling water for three minutes. The contents were homogenized, made up to a 
known volume, and centrifuged. The supernatant fluid was analyzed by 
allowing its cocarboxylase to combine with carboxylase apoenzyme prepared 
accoiding to Green et al (3), and comparing the rate of pyruvate decarboxylation 
w ith that in \ essels containing known quantities of eo carboxylase. 1 Increases in 

1 Kindly supplied by Merck and Co. 
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+26.7 

+35.9 

+25.1 average 

Tyrnminc 


OH 

J 

1 

I 




+12.1 
-26.0 
+16. S 
+54.0 
+17.7 

+15.0 average 

(Kp-liydrosyphtnyl) ifo- 
propjlamme (‘Pare- 

dnim') 


OH 


'1 

l 

I 

| 


CH, 


+44.3 
+45.4 
-6.0 
i +14.9 

+30. S 

+27.1 average 
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amount of phosphorylation were expressed in percentage by the following 
formula: 

jqq ^ Amount of cocarboxylase in presence of drug — run control 
Amount of cocarboxylase in presence of drug — start control 

Decreases in amount of cocarboxylase, when they occurred, were calculated 
according to the following formula : 

jqq run control — cocarboxylase in presence of drug 
run control — start control 

The amounts of cocarboxylase were calculated as gammas of cocarboxylase per 
gram of wet tissue, prior to calculating the above percentages. The mean values 
for start and run controls were 9.2 and 12. Gy of cocarboxylase per gram of wet 
tissue, respectively. 

Results and Discussion. Table 1 contains the names and formulae of the 
amines which were tested, together with a summary of the results in which each 
figure represents a separate experiment and animal. The results were calculated 
according to the above formulae. 

It may be seen from the table that these compounds produce quite consistent 
increases in phosphorylation of thiamin. When compounds having other types 
of substitution were tested in this system, the results obtained were quite variable. 
Some evidence has been obtained which leads us to believe that the oxidation 
products of the latter compounds are capable of inhibiting the carboxylase used 
in the cocarboxylase determination. These data will be reported in the future. 
None of these compounds showed any effect when added to purified carboxylase 
without previous incubation with tissue. 

Further work, concerning the effect of these compounds on succinoxidase and 
the relation of this effect to the phosphorylation of thiamin, is reported in the 
following paper. 


SUMMARY 

Various sympathomimetic amines are capable of increasing the synthesis of 
cocarboxylase by pigeon liver slices in vitro. 
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In view of the fact that sympathomimetic amines have no direct effect on 
purified carboxylase, as stated in the previous paper, one is brought to the 
conclusion that the energy supply for the increase in phosphorylation of thiamin 
reported previously must come from an increased rate of metabolism of some 
substrate. 

The literature concerning the effect of epinephrine on respiration of tissues 
has already been discussed in the review of De Meio (2) and will not be covered 
completely here, but a few interesting points should be mentioned. Most 
reports of in trivo tests have shown a stimulation of metabolism; whereas investi- 
gators have variously reported no effect, stimulation, or inhibition of tissue 
respiration following the addition of the drug in vitro. This variation has been 
attributed to pH differences (3) and to variation in oxygen tension (4). There is 
still another possible factor which may play a role in these variations. If one 
examines the literature he is impressed that the degree of dispersion of tissue is 
of some importance, and that inhibitory effects are more likely to appear in 
extracts, homogenates, and the like, whereas stimulatory effects are commoner 
in vivo and in whole cell preparations. 

In consideration of these points, one may say in general that for epinephrine 
to produce a stimulatory effect on metabolism, it probably should function in n 
system which is already under physiological control from the standpoint of 
rapidity of oxidations. It seems reasonable that much less energy might be 
expended in changing the rate of oxidation of an already balanced system than 
would lie necessary to accelerate a system which is metabolizing at maximal 
speed for the concentration of enzymes and substrates available. 

An example of a normally inhibited system is that of muscle succinoxidase in 
the presence of adequate amounts of a-tocophcrol phosphate as described by 
llouchin and Mnttill (5). Thc-c workers have shown that o-tocopherol phos- 
phate (o-TPh) is capable of reducing the high succinoxidase activity of Vitamin 
K -deficient muscle to normal values, but state that a-TPh lias no effect on 
normal nm-rle mccinoxidasc. On the basis of this work we thought it of 
interest to ascertain v.hether or not sympathomimetic amines arc capable of 
influencing a succinoxidav system which is held under physiological control 
by n-TPh. 
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The following experiments were designed to determine whether or not a-TPh 
can affect tissue from normal rats, and whether or not sympathomimetic amines 
can relieve tocopherol inhibition. 

The effect of a-TPh 1 teas investigated on a normal succinoxidase system of rat 
skeletal muscle as described by Schneider and Potter (6). The rats used were 
normal adult albino males of Wistar strain, maintained on a diet of ‘Frisldes’ 
dog food. They were killed by decapitation, and the leg muscles homogenized 
in ten times their weight of M/15 phosphate buffer, pH 7.2. The experiments 
were carried out using simple constant volume manometers. Each vessel 
contained (together with varying concentrations of a-tocopherol phosphate) 
the following: 


Tissue homogenate 

Cytochrome C 

A1C1, 0.012 Ml .. , 

CaCh 0.012 M/ COmbmed 

Sodium succinate M/2 

KOH, 20% 

Buffer, M/15 phosphate, pH 7.2, 


0.5 cc. 

0.3 cc., containing 4 X 10“' moles 

0.1 cc. 

0.3 cc. in side bulb 

0.2 cc. in center well 

to make 3.0 cc. 


When a-TPh was added to such a system in concentrations varying from 
0 to 5.8 X 10 -3 M a progressive inhibition resulted as illustrated by the data 
plotted in figure 1. 

Since these rats were maintained with a diet believed to be adequate in 
Vitamin E, we may conclude that a-TPh can inhibit a normal succinoxidase 
system. This finding would suggest that the a-tocopherol derivative present in 
the tissue before homogenization may diffuse out when the cells are ruptured, 
as does cytochrome C, thus making it necessary to add more tocopherol to 
insure physiologic saturation of the system. We have attempted to prove this 
point by the estimation of tocopherol by the method of Devlin and Mattill (7) 
in supernatants and centrifugates of centrifuged muscle homogenates. Although 
we were able to detect a-tocopherol iD the supernatant fluid in considerable 
amounts after centrifugation, we have consistently been unable to extract as 
much tocopherol from an uncentrifuged homogenate as was present in the 
combined values for centrifugate and supernatant of an equal volume of centri- 
fuged homogenate. This throws the absolute values in doubt. However, since 
tocopherol is present in the supernatant, one may logically conclude that it has 
diffused out of the cells and away from enzyme proteins. 

When one adds varying quantities of epinephrine to a tocopherol inhibited 
succinoxidase system, the results vary according to the degree of tocopherol 
inhibition as well as the amount of epinephrine added. If epinephrine is added 
to an uninhibited rat muscle succinoxidase preparation, either no effect or a 
slight inhibition of oxygen uptake is seen. If .a-TPh is added in amounts not 
sufficient to saturate the succinoxidase system, and epinephrine is added in 

1 We are indebted to Dr. R. D. Shaner of Hoffman-LaRoche, Inc. and to Dr. E. M. 
Schultz of the Dept, of Organic Chemistry, Sharp and Dohme, Inc., for a supply of a- 
tocopherol phosphate. 
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smaller molar concentration than that of the tocopherol, the epinephrine produces 
variable results, sometimes stimulating, and sometimes inhibiting the system. 
If however, a-TPh is added in a concentration sufficient to saturate the system 
(i’c.for maximal inhibition), and epinephrine concentrations of magnitude equal 
to or greater than that of the tocopherol are used, epinephrine and all other 
sympathomimetic amines tested (except ‘Paredrine’ 2 , added as the hydrobromide) 
produce an increase in oxygen uptake. 



Mqtn txTPh cer vessel (I m<jm ■©• 5.8 x 10** M) 
Fie. 1 


The rrmouil of tocopherol inhibition by amines may lie illustrated by the 
{ollowinft experiment; 

Farit ire" - ! contained: 

Ti«’oe 0.5 cc. of ft 10 per cent rftt muscle liomo^cnslc 

Cytochrome C 0.3 re. contnininj; I X 10'* mold 

AlC'U 0.1 ec. of 12 X 10-» M 


1 •Paie.frin"* i” tl.e trad" marl. nnjdtrd by Fsnith. Klin" and French, Inc, to 0(4 hydroxy 
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CaClj 0.1 cc. of 12 X 10"> M 

a-TPh 0 or 0.2 cc. (final concentration 5.9 X 10"* M) 

Amine 0 or 0.2 cc. of 0.018 M (1.2 X 10"* M final concentration) 

Sodium succinate . . . . 0.3 cc. of 0.5 M. added from side bulb 

KOH, 20% 0.2 cc. in center well 

Buffer to make 3 cc. total volume (phosphate M/15, pH 7.2) 



Time in minules 
Fig. 2 


The data plotted in figure 2 illustrate the increase in oxygen uptake of an 
a-TPh-inhibited succinoxidase system resulting from the addition of various 
sympathomimetic amines. 

The addition of increasing concentrations of amines results in progressive 
acceleration of oxygen uptake until a concentration of about 6 X 10“’ M is 
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reached, after which inhibition occurs. Amphetamine, ‘Cobefrin’ 3 , epmephnne, 
and phenethylamine have been used in this type of experiment. Figure 6 
illustrates a typical experiment, using amphetamine. 



Time in minutes 
Fio.3 

The above experiments have indicated that o-tocopherol probably' diffuses 
away from enzyme proteins during homogenization, that the addition of a-TPh 
to n suceinoxidn*c system results in the lowering of the rate of oxygen uptake, 
and timt the addition of sympathomimetic amines removes or lessens the toco- 
pherol inhibition. The previous paper demonstrated that cocarboxylase 

• ‘Cot«?fnn’ i» the trft'!*' rasrk applied by Wintlirop Chemical Co. to 0(3,4 diliydroxy- 
plier.vl) 0.tiydroxyi«opropylnmin». 
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synthesis is accelerated by the addition of amines to pigeon liver slices. It is 
known (8) that homogenates are usually unable to synthesize cocarboxylase. 
We thought it of interest to determine whether or not homogenates fortified 
with cytochrome C could phosphorylate thiamin and to determine the effect of 
the addition of amines with and without tocopherol on such synthesis. 

The 'problem of the phosphorylation of thiamin in the presence of a succinoxidase 
system was attacked in the following manner: 

A succinoxidase system was set up in a similar manner to that described above, 
using homogenized rat liver as a source of succinoxidase, and containing added 
thiamin and pyrophosphate as described in the previous paper. Amphetamine 
was selected as the sympathomimetic drug since it is not oxidized by tissue. 
The results of four experiments are given in table 1, in which cocarboxylase is 
expressed in y/gram of wet tissue after one hour’s incubation at 37° in an 
atmosphere of air. 

It may be seen from table 1 that phosphorylation does occur in a tissue 
homogenate which contains added cj'tochrome C and that it occurs from energy 


TABLE 1 


EXPEK.NO. | 

j 

COCARBOXYLASE (y PER GRAM OP WET TISSUE) 

Oj UPTAKE IN C. Mir /or. 

Start 

control , 

Run 

control 

Amphet- 

amine 

added 

cr-TPh 

added 

Amphetamine 
and a-TPh . 
added 

Amphetamine 
added . 

Amphetamine 
and a TPh 
added 

1 

12.7 

11.7 

■SB 

14.4 

awBBi 

960.0 

13S.0 

2 

6.0 

6.3 

B ™ 

10.5 

B 7 """” ~B 

820.0 

111.4 

3 

12.0 

12.6 

11.7 

11.4 


753.0 

111.3 

4 

10.1 

11.1 

12.9 

11.5 

14.3 

751.5 



supplied by succinate oxidation, since the latter substrate is in great excess. 
The addition of amines accelerates the phosphorylation as it did with tissue 
slices (1) (although not to the same magnitude) and in most cases the combina- 
tion of a-TPh and amine produced the highest valuefor cocarboxylase. In view 
of the fact that tissues in the presence of a combination of a-TPh and amine 
have a much lower rate of oxygen uptake than do those to which a-TPh has not 
been added, these results would suggest that thiamin synthesis is more efficient 
in the presence of a-TPh than in its absence, if the efficiency is calculated on the 
basis of the amount of oxygen used per gamma of cocarboxylase formed. 

A final point should be mentioned. We have found that sympathomimetic 
amines are not the only compounds capable of relieving tocopherol inhibition. 
Ascorbic acid and cysteine have a like function, but these are normal tissue 
components and should be present in vivo in reasonably' constant amounts, 
whereas sympathomimetic amines are present either intermittently, or in the 
case of epinephrine or sympnthin, in suddenly varying concentrations. It is 
interesting to note that cystine inhibits succinoxidase which is not already 
depressed by a-tocopherol (9). Ergotamine and acetylcholine have no effect 
in this sj'stem. 
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We believe that the fact that sympathomimetic amines can produce increased 
metabolic activity in a succinoxidase system by reversing the normal inhibitory 
effect of a-tocopherol offers at least one explanation for an increased energy 
production when sympathomimetic amines are added to homogenised tissue 
preparations. Further work is being continued in an effort to extend these 
findings to whole cell preparations. 


SUMMARY 

1 . Succinoxidase of homogenized rat muscle and liver is inhibited by added 
a-tocophcrol phosphate. This effect may be due- to diffusion away from the 
succinoxidase of a-tocopherol originally present in the tissue, upon rupture of the 
cells during homogenization. 

2. Sympathomimetic amines are capable of producing an increase in oxygen 
uptake by relieving the tocopherol effect. 

3. The increase in metabolic activity following the addition of amines to a 
tocopherol-inhibited succinoxidase system can be used as a source of energy for 
the synthesis of cocarboxylase from added thiamin and pyrophosphate. 
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An earlier paper in this series reported that anoxia decreased the ability of 
rat and pigeon liver to metabolise lactic and amino acids (1). Since the change 
in tissue coenzyme content under the conditions of our experiments did not 
account for the decreased metabolic activity, we assumed that some inhibitor, 
liberated or made active by anoxia, might be responsible. It was found that 
liver extract did contain a thermolabile globulin-like substance which inhibited 
the oxidation of amino acids in whole tissue, as well as their oxidation by isolated 
d-amino acid oxidase. In the latter case it was shown that the inhibitor was 
most active at low pH’s and in low concentrations of phosphate and that it 
formed a reversible combination with the apoenzyme-coenzyme-substrate 
complex of the amino acid oxidase system (2). 

The addition of liver extracts to the lactic dehydrogenase system also pro- 
duces a decrease in the rate of oxidation of lactate. Tins, however, can be 
partially accounted for by destruction of cozymase by an enzyme, nucleotidase, 
present in liver (3). In a previous communication decreases in 0: consumption 
produced on addition of crude liver extract to lactic dehydrogenase and which 
were attributed to apoenzyme destruction were probably a summation of 
effects produced by cozymase hydrolysis and inhibition by the factor described 
here. When the nucleotidase is inhibited by nicotinamide (3) or when it is 
removed by partial purification of the extract, there remains an inhibitor which 
does not affect the coenzyme, and appears to be similar to, but not identical 
with, the inhibitor of d-amino acid oxidase. 

Experimental. Methods. Materials required were prepared as follows: lactic de- 
hydrogenase by the method of Green and Broateaux (4); flavoprotein by the method of 
Straub (5); and cozymase by that of Williamson and Green (6). Corymase was determined 
according to Axelrod and Elvehjem (7) as already described (8). The extracts which 
contained inhibitor nere aqueous suspensions of rat, dog, or beef livers, which in some 
experiments were partially purified by precipitation with ammonium sulphate as previ- 
ously described (2). Adsorption on and elution from Cu(OH), gave products which were 
sometimes active. 

Oxygen consumption was measured in Warburg manometers which usually contained 
0.5 cc. enzyme, 0.75 cc. flavoprotein solution; 0.2 cc. cozymase (300y) ; 0.2 cc. extract (boiled 
or active); 0.1 cc. nicotinamide (50%); 0.2 cc. lactate (2M); 0.25 cc. sodium cyanide (M), 
adjusted to pH 7; 0.1 cc. Methylene blue (.5%). No KOH papers were used as the oxida- 
tion of lactate to pyruvate involves only oxygen consumption and no CO 1 evolution. 

1 Funds for carrying out this work were kindly supplied by the Mallinckrodt Chemical 
Works. 
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Results. Prevention of nucleotidase action on cozymase. Mann and Quastel 
(3) have shown that the hydrolysis of cozymase by nucleotidase may be pre- 
vented by nicotinamide. Table 1 shows that under the conditions of our experi- 
ments this hydrolysis is completely inhibited by a final concentration of 2% 
nicotinamide. When cozymase was incubated with active extracts large de- 
creases occurred due to the nucleotidase present in the extracts. Boiling in- 
activated the nucleotidase and prevented cozymase destruction. When nico- 
tinamide was added to active extracts prior to incubation, the cozymase levels 
were the same as after incubation with boiled extract, indicating that nucleo- 
tidase activity was completely inhibited. 

Effect of liver extract on lactic dehydrogenase. Table 2 shows the effects of 
crude and partially purified extracts on the isolated lactic dehydrogenase system. 
In all cases nicotinamide was present to prevent hydrolysis of cozymase by the 

TABLE 1 

Analyses for cozymasc aflcr incubation with liver extracts ( crude and partially purified) 
with and without nicotinamide 


Tubes containing 0.2 cc. extract, 0.1 cc. cozymasc, 0.033 cc. nicotinamide (50%), 0.5 cc. 
builcr or NaCl solution were incubated at 37°C. for 45-00 min., heated to destroy extract 
and analysed for cozymasc. 


ZXTTtWTXT 

EXTXACT 

Boiled ext. 

COrYUASE (y) 

Active ext. + 
nicotinamide 

Active ext- 
vrithout 
nicotinamide 


Crude rat liver 

mm 

182 

39 


Crude rat liver 

mm 

118 

0 

80 

! 

Beef liver; (i\H 4 );SOi ppt. 

I I 

86 

S5 

87 

Beef liver; (NH0:SOi ppt. 

mSm-' 

100 

100 

105 

Beef liver; (NHOsSOi ppt. 

IH 

112 

118 


nucleotidase. It will be seen that the crude extracts usually contain consider- 
able amounts of the lactic dehydrogenase enzyme since the rate of oxidation 
of lactate is considerable with extract and boiled enzyme (column 3). This 
value may justifiably lie subtracted from the value obtained for active extract 
and active enzyme so long as the limiting factor is the apoenzvme, however, it 
will lx- seen that the value obtained for active extract and enzyme is usually 
lowcr than that for boiled extract and enzyme, thus indicating some inhibition, 
even without correcting for lactic dehydrogenase in the extract. 

When the partially purified extracts which contain very little lactic dehy- 
drogenase an- ti'ed, the decrease in O s consumption produced by inhibitor is 
not masked by the addition of apoenzvme contained in the extracts, nor is 
nucleotidase prevent. In these instances the small values obtained for the 
netive extract mid boiler! enzyme arc subtracted from the values for active 
extract and active onryme Wore calculating the percentage of inhibition. It 
may lx- t e,-n that inhibitions of around 3 ( 1 % arc produced. 
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Evidence that the inhibitors of d-amino acid oxidase and lactic dehydrogenase 
are different. If the inhibitors found in liver extract are identical for these two 

TABLE 2 

The effect of liver extracts on the activity of lactic dehydrogenase 


Nicotinamide was present in all the experiments to prevent possible hydrolysis of cozy- 
mase by nucleotidase. 


EXP. 

EXTRACT 

MM* Oj CONStan 

Enzyme + 

ZD 

Soiled 
enzyme + \ 
active ext. | 

% INHIBI- 
TION* 



214 

Crude rat liver 

270 

233 

144 


229 

Crude rat liver 

554 

427 

283 


252 

Crude rat liver 

270 

233 

55 


75 

Crude rat liver 

414 

362 

225 


275 

Dog liver; (NH 4 ),SO ( ppt. 

210 

192 

44 

29 

75 

Beef liver; (NH ( )-S0 4 ppt. 

456 

315 

17 

34 

81 

Beef liver; (NH,).S0 4 ppt. 

294 

220 


25 

86 

Beef liver; (NH,),SO< ppt. 

154 

112 


27 


TABLE 3 


Comparison of effects of various extracts on d-amino acid oxidase and lactic dehydrogenase 


EXPERIMENT 

EXTRACT 

PROTEIN N 
MO/VESSEL 

% INHIBITION OT 

d-amlno add 

oxidase 


100 

94 II 

Cu(OH)- eluate 


43 

0 

104 

94 II 

Cu(OH)j eluate 


35 

0 

107 

87 IV 

(NH,).SO< ppt. 

■ 

32 

29 

110 

109 I 

(NH,) : SO, ppt. 


32 

45 

115 

109 III 

(NH()-SOi ppt. 


62 

56 

143 

138 

Cu(OH) s eluate 

0.0429 

29 

38 


141 

(NH.J.SOi ppt. 

0.188 

29 

0 

166 

158 A 

Cu(OH)i eluate I 


43 

50 

162 

158 

Cu(OH) 2 eluate II 


40 

44 

184 

158 B III 

(NH,);SO( ppt. 


26 

52 

170 

15S B IV 

(NH»)tSO< ppt. 


9 

9 

202 

183 I 

(NIL);SOj ppt. 


39 

- 0 


enzymes, one would expect that if an inhibition were produced by an extract 
with one enzyme it would likewise be produced with the other enzyme. This, 
however, does not always occur. It will be seen in table 3 that a considerable 
inhibition of d-amino acid oxidase may be produced by extracts which have 
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bo effect on lactic dehydrogenase. The inhibitor of lactic dehydrogenase 
appeared to be less stable than that of d-amino acid oxidase since the latter 
could be kept in the refrigerator for 7-10 days ■without appreciable loss in 
activity, whereas the inhibitor of lactic dehydrogenase frequently became in- 
active within 2-3 days. 

Discussion. The possibility that inhibitors such as those described for 
amino acid oxidase and lactic dehydrogenase may be factors in shock and 
anoxia has already been suggested (1, 2). They may also serve as regulators 
of metabolism under normal conditions in the intact tissue, or perhaps as pro- 
tective mechanisms to decrease metabolism under conditions of Oj lack. Under 
optimal conditions the rate of respiration of minced tissues appears to be of the 
order of the maximal rate as opposed to the resting rate occurring in the intact 
organ. Smythc (9) found that Oj consumption of minced heart approaches 
the liighest values for heart working at maximal effort. It seems possible 
that in the minced tissue the inhibitor may be diluted out and becomes less 
effective than in intact tissue, thus allowing maximal activity. 

In a few experiments we tested the effect of extracts on carboxylase (yeast 
and animal). Some inhibition was produced in a few cases, but the inhibition 
did not parallel either that for amino acid oxidase or lactic dehydrogenase. It 
would seem possible that inliibitors arc highly specific for the enzymes on which 
they act. 


SUMMARY 

A thermolnbile globulin like substance which inhibits lactic dehydrogenase 
has been found in liver extracts. It appears to tic similar to but not identical 
with the inhibitor of d-amino acid oxidase. 

Acknowledgements. Tissues for these experiments were kindly supplied by 
the Ncuhoff Packing Company, Uashville, Tennessee. 
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Blocking of metabolic processes is a well known occurrence in shock. One 
explanation for this is the breakdown of coenzymes which are necessary for 
normal metabolism (1, 2). Another possible mechanism by which metabolic 
reactions may be blocked has been found in in vitro investigations (3). We 
have found that liver extract contains a thermolabile globulin-like substance 
which inhibits amino acids oxidation in vitro by combining with the enzyme. 
Certain conditions which favour the inhibitor-enzyme combination in vitro 
have been investigated and appear to coincide with those occurring in shock (4). 

The present investigation was undertaken to determine whether the injection 
into normal dogs of the partially purified liver extract which inhibited amino 
acid oxidation in vitro would lead to a blocking of amino acid oxidases and 
produce an increase in blood amino acids. 

Methods. Doga were anesthetized with pentobarbital sodium (32 rng./kg.). Blood 
pressure was recorded from one femoral artery, blood samples for amino acid determinations 
were collected from the other. A branch of the portal vein was cannulated for the injec- 
tion of the extract which was administered by gravity at a rate of 130-160 drops per minute. 

The liver extracts were dialysed ammonium sulphate precipitates prepared as described 
previously (4). Control animals received either similarly prepared brain extracts which 
produced no inhibition when tested in vitro, or gelatin solutions. The gelatin solutions 
contained an amount of protein N comparable to that of the extracts and ammonium sul- 
phate comparable to the small amount remaining in the tissue extracts after dialysis. 
The protein N content of the extracts varied between 0.6 and 1.1 mg./cc. 

Blood amino acids were determined by the method of Krauel (5), modified slightly to 
allow readings to be made in the Cenco Photelometer. Protein and non-protein nitrogen 
in the extracts were determined by the miero-Kjeldahl method of Ma and Zuazaga (6) 
after metaphosphoric acid precipitation. 

Results. The results of the experiments are given in table 1. The blood 
amino acids increased in all of the five animals receiving liver extract. The 
smallest increase in these animals was 25%, the largest 222% and the average 
increase was 121%. Of the six control dogs which received gelatin or brain 
extract no change in blood amino acids was observed in 3 animals. One animal 
receiving gelatin showed an increase in blood amino acids of 28%, and one of 
the animals receiving brain extract showed an increase of 36% and one an 
increase of 28%. The increase in the last experiment (No. 63) was questionable 

1 Funds for carrying out this work were kindly supplied by the Mallinckrodt Chemical 
Works. 


154 



SHOCK INDUCED BY HEMORRHAGE 


155 


since only one sample in the middle of the series was above normal. The 
average increase in the control group was 15 . 4 %. 

TABLE 1 


Lice r extract 


TXT. 

t>OC 

TXT. 

uc. norzw 

K/KO. 

ACTIVITY 

IK vmo 
% cmiB. 

TDCE OT 

saupukc 

AUXKO ACID N 
VG./100 CC. 

% xhoxas* 






knits 



59 


Liver 


58.7 

0 

5.9 

222 






i 

5.9 







2 

8.0 







3 








4 

8.8 







5 

8.5 







6 

10.5 







7 

19.0 


61 

13.2 

Liver 

4.2 

58.7 

0 

6.5 

76.9 






0.6 

6.76 1 







2.5 

8.2 i 







3.5 

9.05 







4.5 

8.0 







6.0 1 

1 

11.5 


CO 

U 

Liver 

9.27 

43.1 

o 1 

9.5 

173.6 





1 

1 

10.25 






I 

2 

11.25 







3 

12.9 







4.5 

13.0 


1 

I 

. 




0 

26.0 


or 

8.5 

Liver 

12.0 

43.1 

0 

13.5 

92.6 






1 

1G.5 







2 

18.0 







3 

20.0 







4.5 

21.0 







0 

Increased 


09 

9.25 

Liver 

15.44 

43.1 

0 

5.6 

25 






1 

5.6 







2.5 

5.9 







4 

6.4 







5.5 

7.0 



-- — 




0.0 

7.0 



Avcthrc incren«e “ iIS r J. 


When liver ext met was injected, it wilt be noticed that the rise in amino 
acids occurred almost immediately after the end of the injection and the in- 
crease continued until the end of the experiment. With brain extract or gelatin 
in thtw oxponmont.H in which a small increase occurred, the chance was not 
ob*crv<*<l until wvcral iiourn rvftrr the injection. 
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TABLE 2 


Controls 


EXP. 

DOG 

EXT. 

. _• 

MG. PROTECT 

N/eg. 

ACTIVITY 

IN VITRO 
%XNEIB. 

TIME or 
SAMPLING 

AMINO ACID N 
MC./100 CC. 

% ISCKEASI 






hours 



58 

11 

Gelatin 

7.64 


0 

7.5 

0 






1 

6.5 







2 

7.5 







2.5 

7.5 







4.75 

7.5 







6.0 

7.5 







6.75 

7.5 


60 

19.2 

Gelatin 

8.76 

1 

0 

8.2 

28.1 






0.5 

7.8 







2.5 

S.O 






‘ 

3.5 

8.7 







4.5 

9.5 







6 
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62 

7.55 

1 Brain 

11.4 
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0 

6.25 

36.0 






1 
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6 








7 
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63 

8.4 
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9.75 

28.2(F) 






1 

9.75 
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3 
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10.0 
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10.0 


61 

9.8 
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13.6 
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1 

8.0 
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3.5 
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4.5 
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0.0 

0 

9.0 
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4.5 
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Average increase = 15.4%. 
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The blood pressure occasionally fell during the periods of injection of the 
extract. However, they almost always returned to near the original level 
when the injection was stopped. In almost all instances the pressures at the 
end of the experiments were well above 100 mm. Hg. There was no apparent 
correlation between observed blood pressure changes and the blood amino acid 
levels. 

Discussion. It has been found in the series of dogs studied that the liver 
extract which inhibited the activity of d-amino acid oxidase in vitro leads to an 
increase in blood amino acids when injected into normal dogs. On the other 
hand, brain extract prepared similarly to the liver extract, but which had no 
effect on d- amino acid oxidase in vitro, and gelatin, when injected had little 
or no effect on the blood amino acids. It would seem probable that the in- 
crease in blood amino acids produced on injecting the liver extract is due to a 
blocking of the amino acid oxidases of the liver. Most of the in vitro work 
was carried out using the d-amino acid oxidase, because of its accessibility. 
However, it was found in experiments using whole tissue that the oxidation of 
/-glutamic acid was also inhibited by liver extract. It would, therefore, seem 
likely that both the d- and /-oxidases arc blocked in vivo. The increases in 
blood amino acids following injection of the amino acid oxidase inhibitor are 
comparable to those observed by Engel cl al. (7) in rats subjected to shock by 
hemorrhage. 

The rate of injection and the concentration of the inhibitor were important 
factors, since dilute solutions or solutions injected slowly had little or no effect. 
Under these conditions the animal apparently was able to inactivate the in- 
hibitor or to counteract its effect in some way. 

I ti vitro experiments showed that the inhibitor formed an enzyme-inhibitor- 
substratc complex and that low pH and low phosphate concentrations favoured 
its combination with the enzyme, whereas high pH caused a dissociation from 
the enzyme, thus decreasing its activity. It was possible to reverse the effect 
of the inhibitor in vitro by change in pH. No attempt has been made to reverse 
its action in vivo. 

An inhibitor of lactic dehydrogenase which appears to be similar to but not 
identical with that of rf-nmino acid oxidase has also been found in liver. It is 
possible that similar inhibitors for many enzymes may be naturally occurring. 
Since the inhibitors which we have studied appear to be normal constituents of 
liver they may function ns regulators of metabolism under normal conditions. 
It is likely that in shock and anoxia conditions which favor their increased 
activity are produced, so that their effects are exaggerated and intermediary 
metaliolites accumulate. 


SUMMAIIY 

'Die factor in liver extract which inhibited amino acid oxidase in vitro has 
l>oen found to produce an accumulation of amino acids in blood when injected 
into dog-, prc-wnably by a tnrehrmi-m similar to that observed in vitro. 
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Attention has been given in recent literature to the relation borne by digitalis 
and related substances to the clotting mechanism of the blood. In 1928 Tanaka 
(1) noted that strophanthin vrhen injected intravenously into rabbits accelerated 
coagulation; it increased the thrombin content of the serum and the fibrinogen 
content of the plasma. Macht in 1943 (2) pointed out that heparinization of 
cats prior to injection of ouabain and of digitalis lowered the toxicity of these 
drugs. He also found coagulation time to be progressively shortened with an 
increased total of injected digitalis. IVe-rch (3) reported a reduction of coagula- 
tion time in rabbits’ blood by a single injection of Digifolin. DeTakats, Trump 
and Gilbert (4, 5) showed that digitalization of dogs markedly decreased the 
normal response to heparin. Cases have been presented by these authors in 
which embolic phenomena have appeared to coincide with therapeutic adminis- 
tration of digitalis to patients. It is suggested therefore that a disturbance of 
the normal clotting mechanism by the drug predisposes to the formation of 
thrombi. Massie, Stillman and Wright (6) reported that the administration of 
digitalis in therapeutic doses accelerated blood coagulation in each of 24 patients 
tested. 

Recently Sokoloff, Fcrber, and DeGraS (7) found that the average coagula- 
tion time in 10 cardiac patients did not decrease after digitalis therapy; their 
observation? do not support the hypothesis that digitalis increases the coagulabil- 
ity of blood. 

In the experiments to be described rather extensive investigation of the effect 
of digitalis on the coagulation time of the blood of normal animals yielded 
negative results except under the specialized condition of barbiturate anesthesia. 
An abstract of these studies appeared recently (8). 

Method. In most of the work dogs of both texts were used. In til procedures other 
than continuous injection with drug colutione, the dogs were kept on rigid feeding schedules 
and were neither bled nor doted within several hours after feeding. In no cates were blood 
samples drawn at the rite of drug injection. 

Room temperature was kept constant during the course of each experiment; in most 
eaten it was maintained between 2S.0 and 29.0'C. 

Coagulation time waa measured directly by a modification of the Lee-White method. 
A 2 4 cc. r ample of venous blood waa drawn into a clean, oiled tyringe. Samp! ct obtained 
with even alight difh-ulty were discarded. Two 1 cc. portion! of the blood were placed in 
dry g mm. tube*, cf uniform diameter. The tubes were tilted at intervals until the blood 
r.o longer Coned; coagulation time was metiurcd from the moment blood entered the 
ryrirge until the tube could he" inverted. -Ml measurement! were made in duplicate. 
Th" technique was well standardised and the procedure carried cut ir. all instances by the 
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Attention has been given in recent literature to the relation bome by digitalis 
and related substances to the clotting mechanism of the blood. In 1928 Tanaka 
(1) noted that strophanthin when injected intravenously into rabbits accelerated 
coagulation; it increased the thrombin content of the serum and the fibrinogen 
content of the plasma. Macht in 1943 (2) pointed out that heparinization of 
cats prior to injection of ouabain and of digitalis lowered the toxicity of these 
drugs. He also found coagulation time to be progressively shortened with an 
increased total of injected digitalis. Werch (3) reported a reduction of coagula- 
tion time in rabbits’ blood by a single injection of Digifolin. DeTakats, Trump 
and Gilbert (4, 5) showed that digitalization of dogs markedly decreased the 
normal response to heparin. Cases have been presented by these authors in 
which embolic phenomena have appeared to coincide with therapeutic adminis- 
tration of digitalis to patients. It is suggested therefore that a disturbance of 
the normal clotting mechanism by the drug predisposes to the formation of 
thrombi. Massie, Stillman and Wright (6) reported that the administration of 
digitalis in therapeutic doses accelerated blood coagulation in each of 24 patients 
tested. 

Recently SokoloiT, Ferber, and DeGraS (7) found that the average coagula- 
tion time in 10 cardiac patients did not decrease after digitalis therapy; their 
observations do not support the hypothesis that digitalis increases the coagulabil- 
ity of blood. 

In the experiments to be described rather extensive investigation of the effect 
of digitalis on the coagulation time of the blood of normal animals yielded 
negative results except under the specialized condition of barbiturate anesthesia. 
An abstract of these studies appeared recently (8). 

Method. In moat of the work dogs of both sexes were used. In alt procedures other 
than continuous injection with drug solutions, the dogs were kept on rigid feeding schedules 
and were neither bled nor dosed within several hours after feeding. In no cases were blood 
samples drawn at the site of drug injection. 

Room temperature was kept constant during the course of each experiment; in most 
cases it was maintained between 2S.0 and 29.0'C. 

Coagulation time was measured directly by a modification of the Lcc-Whitc method. 
A 2.4 cc. sample of venous blood was drawn into a clean, oiled syringe. Samples obtained 
with even slight difficulty were discarded. Two 1 cc. portions of the blood were placed in 
dry 8 mm. tubes, of uniform diameter. The tubes were tilted at intervals until the blood 
no longer flowed; coagulation time was measured from the moment blood entered the 
syringe until the tube could be inverted. All measurements were made in duplicate. 
The technique was well standardired and the procedure carried out in all instances by the 
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same investigator. Over 3000 tests were performed in the course of the experiments here 
reported. 

Prothrombin time was determined bj r Quick’s method (9) modified in that each 0.1 cc. 
sample of plasma was diluted with 0.7 cc. isotonic solution of sodium chloride. 

The tincture of digitalis used was in all cases freshly prepared from reference digitaliB 
powder tf.S.P. XII. This as well as the gitalin 1 used was diluted as indicated in the fol- 
lowing section with Ringer’s solution. In all experiments control solutions were prepared 
to contain alcohol in amount equal to that of the drug solution. 

The following series of experiments were performed: 

1. In vivo: (a) continuous intravenous administration of digitalis and of gitalin to 
dogs under Dial anesthesia, (b) continuous administration of digitalis to dogs under sodium 
pentobarbital anesthesia, (c) continuous administration of digitalis to dogs under ether 
anesthesia, (d) intravenous administration of a single large dose of digitalis to unanes- 
thetized dogs, (e) oral administration of digitalis in amounts sufficient to produce mild 
intoxication, to unanesthetized dogs, and (f) digitalis assay on heparinized cats. 

2. In vitro: (a) addition of digitalis to whole blood, (b) addition of varying amounts of 
heparin to blood containing digitalis, and (c) addition of varying amounts of digitalis to 
blood containing heparin. 

Results. In Vivo: (a) Continuous administration of digitalis and of gitalin 
to dogs under Dial anesthesia. Three sets of these experiments, each carried out 
on 7 experimental dogs, were performed; two sets of 7 control dogs were used. 
The animals were anesthetized with 0.65 cc. of Solution Dial-urethane per kg., 
injected intraperitoneally, and supplemented in amount as needed. The 
tincture of digitalis diluted 1 : 15 with Ringer’s solution was injected intraven- 
ously at the rate of 1 cc. per kg. body weight every 5 minutes until the death 
of the animal. Coagulation time of blood drawn from the femoral vein was 
determined at 15 minute intervals for one hour before administration of the 
drug and throughout digitalization. Control animals w r ere injected with appro- 
priate amounts of alcohol in Ringer’s solution in place of the digitalis prepara- 
tion. Similar experiments were performed on 7 control and 7 experimental 
dogs using gitalin 1:5000 in Ringer’s solution, prepared from a 1 per cent stock 
solution in 95 per cent alcohol. 

During administration of digitalis the coagulation time of the blood was 
reduced from a value of 5.9 minutes immediately before beginning injection to a 
final value after 90 per cent of the fatal dose had been given, of 4.9 minutes, 
representing a 17 per cent reduction. These are average figures derived from 
the original data for all three experiments (21 cases). Statistical analysis of 
these data by determination of t-values (10) showed the difference between 
coagulation time before injection and that after the injection of 90 per cent of 
the fatal dose of digitalis to be significant; the decrease reached a statistically 
significant level (10.7 per cent) after a total injection amounting to 50 per cent 
of the fatal dose of digitalis. Control experiments showed no reduction in 
coagulation time. Similarlj r , during the injection of gitalin coagulation time 
dropped from 7.4 minutes before the drug was given to 5.6 minutes, a reduction 
of 24 per cent, although the calculated <-value was less than significant. Com- 
posite curves for these experiments are shown in fig. 1. 

1 Supplied through the courtesy of Rare Chemicals, Inc., Flemington, N. J. 
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In the third set of dogs given digitalis, in addition to determination of coagula- 
tion time, measurements of prothrombin time were also made. In these 7 cases 
the decrease in coagulation time was less than that for the entire series of 21 
cases; the difference between control and experimental curves was 0.2 minutes 
at the beginning of the experiment and 0.7 minutes after 90 per cent of the fatal 
dose had been injected. Prothrombin time of the plasma was not altered by 
administration of digitalis (fig. 2). 

(b) Continuous administration of digitalis to dogs under sodium pentobarbital 
anesthesia. In fig. 3 are presented results obtained upon injection of digitalis 
in a manner identical to that used in the preceding experiment, into 7 dogs 



Fio. 1. Effect of Continuous Administration of Digitalis and of Gitalin ufon 
Coagulation Time of the Blood of Dogs Anesthetized with Dial 
Composite records for (a) 21 dogs injected with 1 cc./kg. tincture of digitalis diluted 
1:15 every 5 minutes until death, (b) 7 dogs injected with 0.25 cc. gitalin 1:5000 every five 
minutes until death, and (c) 1! dogs injected with a control solution of alcohol every 5 
minutes. 

anesthetized with 30 mgm. sodium pentobarbital per kg. given intravenously, 
supplemented in amount as needed. The coagulation time of the blood de- 
creased in both control and experimental animals; however the fall after injec- 
tion of digitalis was considerably greater than that for the control dogs. The 
control curve dropped by an interval of 0.3 minutes while the experimental 
curve fell by 1.4 minutes, a difference of 1.1 minutes or 15 per cent. Here 
again however, statistical proof of significance in the decrease of coagulation 
time occasioned by injection of digitalis under these circumstances is lacking, 
as judged by the t-valuc. 

(c) Continuous administration of digitalis to dogs under ether anesthesia. In 
these experiments the procedure was again repeated except for the anesthetic 
agent n=cd, ether administered by tracheal intubation. Ho marked alteration 
of the clotting power of tile blood was apparent. Control and experimental 
curves (fig. 4) did not differ materially from each other. 
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The difference in effect produced by digitalis on dogs anesthetized with ether 
from that on dogs anesthetized with Dial does not correlate with the fact that 
the fatal dose of digitalis is less under ether than under Dial. The average 
lethal dose of the tincture of digitalis given in this mann er to etherized dogs 



O 10 20 30 40 50 60 70 80 SO 100 

PER CENT OF FATAL DOSE 


Fiq. 2. Effect of Continuous Administration of Tincture of Digitalis ufon 
Coagulation Time and Prothrombin Time of the Blood of Dogs 
Anesthetized with Dial 

Composite records for 7 experimental and 7 control dogs 



PER CENT OF. FATAL DOSE 


Fig. 3. Effect of Continuous Administration of Tincture of Digitalis upon 
Coagulation Time of the Blood of Dogs Anesthetized with Sodium 
Pentobarbital 


Composite records for 7 experimental and 7 control dogs 


was 0.94 cc. per kg., as contrasted with a lethal dose of 1.23 cc. per kg. for dogs 
anesthetized with the barbiturate. The lethal dose for dogs under Dial was thus 
30.9 per cent greater than that for dogs under ether. The fatal dose for each 
individual animal is listed in table 1. These results resemble those obtained 
by Haskell (11) who found the fatal dose of Digifoline for cats, in two experi- 
ments, to be 30.4 per cent and 43.0 per cent greater respectively, under Dial- 
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urethane than under ether. Hoick, Smith and Shuler (12) showed the mean 
fatal dose of digitalis (U.S.P. XI) for cats to be 51 per cent greater with Dial 
as the anesthetic, and 20 per cent greater with urethane as the anesthetic than 
it was with ether. 

The average lethal dose of digitalis for the 7 dogs maintained under sodium 
pentobarbital anesthesia was 1.39 cc. per kg., 47.9 per .cent greater than the ' 
average lethal dose with ether. Hoick, Smith and Shuler found the lethal dose 
of digitalis for cats anesthetized -with pentobarbital to be 47 and 49 per cent 
greater, in two experiments, than the lethal dose for cats anesthetized with ether. 

(d) Administration of a single large dose of digitalis to imanesthelized dogs. 
Since the type of anesthetic agent used in the above experiments appeared to be 
a factor influencing the results it seemed advisable to investigate the effects of 
digitalis upon the clotting mechanism of unanesthetized animals. For these 



Composite records for 7 experimental and 7 control dogs 

experiments 7 dogs were trained to submit quietly to withdrawal of blood and 
injection of solutions. Coagulation time determinations were made at two 
hour intervals during 24 hours before administration of the drug and for 27 
hours thereafter. Approximately one half the fatal dose was given, 0.5 cc. of 
tincture of digitalis per kg. body weight injected intravenously as a 1 :5 dilution 
in Ringer's solution; this amount caused nausea and vomiting. Seven control 
dogs were injected with Ringer's solution containing alcohol in the same pro- 
portion ns that present in the diluted tincture. When this experiment was 
carried out no reduction in coagulation time after injection of digitalis was 
seen; there was in lact a small incrense in the average coagulation time during 
the period after administration of the drug (fig. 5). The difference between 
the two curves after 27 hours was 0.7 minutes, the ( value for which indicated 
no significance. 

In order to check the possibility that, in the previous experiment a transient 
e icct of the drug had taken place and disappeared again during the two hour 
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TABLE 1 

A comparison of the fatal dose of tincture of digitalis for dogs maintained under each of three 

anesthetic agents 

ANTSTHTnC DIAL SODITO PENTOBAMITAL ETEEA 

Fatal dose in ccjke. Fatal dose in cc./ke . Fatal dose in cc./ke. 

0.93 1.60 1. 20 

1.55 1.60 0.87 

1.13 1.13 0.80 

0.73 1.40 1.07 

1.00 1.47 0.73 

1.20 1.20 1.13 

1.33 1.33 0.80 

1.80 

1.20 

1.33 

1.20 
1.13 
1.40 
1.27 

1.20 
1.07 
1.07 
1.87 
0.93 
1.40 

1.20 


Average fatal dose. . 1.23 1.39 0 .94 



TIME IN HOURS 

Fio. 5. Effect of a Single Large Intravenous Injection of Tincture of Digitalis 
(0.5 cc./eg.) upon Coagulation Time of tiie Blood of Unanesthetized Dogs 
Composite records for 7 experimental and 7 control dogs 

period between injection of the digitalis and the first coagulation test thereafter, 
the entire experiment was repeated with the exception that coagulation time 
determinations were begun immediately after injection of the drug and continued 
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effect of digitalis upon coagulation time 

at' 15 minute intervals for two hours. Here’ again no effect was in evidence 

(fig. G). ... 

(e) Oral administration to unanesthelized dogs of digitalis sufficient in amount 
to -produce mild intoxication. To approach more nearly the use of digitalis as 
it is administered clinically a series of dogs was given daily oral doses of digitalis. 
During a control period of 10 days coagulation time determinations were made 
at two day intervals on each of 7 dogs. Four experimental dogs were then put 
on a regime of daily oral dosage with 0.4 cc. of tincture of digitalis per kg. body 
weight given in gelatin capsules, this being continued until intoxication oc- 
curred, as judged by the appearance of nausea and vomiting. This required 
5 days for most of the dogs. Two of the animals showed no signs of digitalis 
toxicity, and for these it was necessary to increase the dose to 0.6 cc. per kg. 
in order to produce symptoms of intoxication. After this point was reached 



Fig. G. Immediate Effect of a Single Large Intravenous Injection of Tincture of 
Digitalis (0.5cc./kg.) croN Coagulation Time or the Bloop of Unanesthetized Dogs 
C omposite records for 7 experimental and 7 control dogs 

the dose was reduced to one-half its former amount as a maintenance dose 
Three dogs used as controls were given equivalent amounts of alcohol. Through- 
out the control period of 10 days, during the administration of the drug (15 
days) and for 10 days after it had been discontinued, coagulation time records 
made at two day intervals on digitalized and control dogs remained comparable 
(Gg- 7). 

(0 Digitalis assay on heparinized cals. A series of 10 adult cats was used in 
an experiment similar to one reported by Maclit (2) in which the effect of heparin 
on the toxicity of digitalis was investigated. The cats were injected intrave- 
nously with heparin sufficient in amount to render the blood incoagulable 
throughout the course of the experiment (1 cc. or 1000 units per kg.) and were 
then injected at 5 minute intervals with tincture of digitalis, diluted 7:150 
with Ringer’s solution, in the usual assay manner (U.ST. XII) under light 
ether anesthesia. 1 he lethal dose of digitalis for heparin treated cats was com- 
pared with that for a control series of 10 untreated cats. The lethal dose for 
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the group of heparinized eats was 0.72 cc. per kg. while that for the untreated 
cats was 0.79 cc. per kg. Thus the results of our experiment showed a tendency 
in the opposite direction from those obtained by Macht who reported an in- 
crease in the fatal dose upon digitalization. The t- value for the difference 
obtained in the present experiment between the mean fatal dose for heparinized 
and non-hepariiuzed cats was 1.60 indicating a difference of no statistical 
significance. 



Fio. 7. Effect of Oral Administration of Tinctdke of Digitalis upon Coagulation 
Time of the Blood of Unanesthetized Dogs 
Composite records for -1 experimental and 3 control dogs Vertical lines indicate begin- 
ning and end of drug administration 


TABLE 2 


Effect of addition of digitalis upon coagulation time of whole blood 


JJTJUBEE Or SAMPLES 

ANESTHETIC AGENT 

DILUTION OP 

AVERAGE COAGULATION TIME 


SAMPLE 

Control 

Digitalis 

10 

■ iT. 

1:1100 

run 

3 9 


20 

' 1 

1:1100 

4 1 


20 


1:110 

3.9 


20 


1:110 

3 7 



In Vitro (a) Addition of digitalis to whole blood. When 0.1 cc. of diluted 
digitalis (either 1:10 or 1:100 in Ringer’s) was added to 1 cc. of whole blood, 
and the coagulation time compared with that of control samples to which 
alcohol was added, the two figures shoved practically' no difference. This was 
the case for blood drawn from dogs under Dial anesthesia as veil as for blood 
from unanesthetized dogs. The data for this experiment are listed in table 2. 

(b) Addition of varying amounts of heparin to blood containing digitalis. To 
a series of tubes containing 0.1 cc. of diluted tincture of digitalis (1:10) or 
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control solutions of alcohol, was added 0,1 cc. of heparin in dilutions varying 
from 1:100 to 1:2400 of a stock solution in which 1 cc. equalled 1000 units. 
One cc. of freshly drawn blood from an unanesthetized dog was added to each 
tube and the coagulation time of the mixture determined. Coagulation time 
varied from 5 minutes to more than two hours according to the amount of heparin 
added, but there was no difference between the curves established for blood con- 
taining digitalis and blood containing a comparable amount of alcohol. No 
antagonism of digitalis to heparin could be demonstrated. 

(c) Addition of varying amounts of digitalis to blood containing heparin. A 
similar experiment was set up in which the amount of heparin (0.1 cc. of heparin 
1:2000) remained constant and the amount of digitalis varied. In this case 
0.1 cc. of digitalis varying in strength from undiluted tincture to tincture diluted 
1 :100 was placed in the tubes, and 1 cc. of blood added as before. Here again 
the curve indicating coagulation time for blood containing digitalis duplicated 
that for coagulation time of the control blood. 

This experiment was repeated with the single exception that a more con- 
centrated solution of heparin (1:1000) was used. Once more there was no 
difference between the two curves. 

Discussion. In these experiments the clotting mechanism of the blood of 
normal dogs was not altered by the administration of digitalis unless given in 
amounts of 50 per cent of the fatal dose or more, and then only in certain instances 
and to a moderate degree, where a barbiturate anesthetic agent was employed. 
According to Ellis and Barlow (13) coagulation time undergoes a steady lower- 
ing over a period of many hours after the administration of a barbiturate anes- 
thetic (barbital). In our experiments a slight fall was noted in the control 
series of dogs anesthetized with sodium pentobarbital which might be attribut- 
able to the influence of the anesthetic; a decrease in coagulation time beyond 
this extent in the experimental group of animals appeared to be due to the 
digitalis injected. In the control series of dogs anesthetized with Dial however 
no noticeable effect of the anesthetic on coagulation time occurred. 

We have been able to confirm the finding of others that the use of barbiturate 
anesthetics lowers the toxicity of digitalis as judged by the increase in the fatal 
dose for animals under the influence of barbiturates as compared with etherized 
animals. One more bit of evidence of their influence upon the effects of digitalis 
is possibly to be seen in the fact just referred to that the coagulation time of the 
blood may be shortened by digitalis in animals anesthetized with a barbiturate, 
in contrast to negative results obtained in unanesthetized animals or those 
anesthetized with ether. 

It may be pointed out here that although there is no apparent effect on the 
clotting mechanism ns it operates under normal conditions there may yet remain 
an antagonism in vivo between the digitaloid drugs and any of several anti- 
coagulant agents, principally heparin, added to the blood in the more complex 
methods of determining coagulation time. These factors may reasonably be 
excluded in the consideration of therapeutic administration of digitalis to 
patients. 
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SUMMARY 

1. Continuous intravenous administration of a diluted tincture of digitalis 
(from U.S.P. XII reference powder) to dogs maintained under Dial anesthesia 
resulted in a reduction of blood coagulation time by 10.7 per cent after 50 per 
cent of the fatal dose had been injected, and a reduction of 17 per cent after 90 
per cent of the fatal dose had been given; /-values for both of these figures were 
significant. 

2. Continuous intravenous administration of gitalin to dogs under Dial 
anesthesia resulted in a 24 per cent decrease in coagulation time; the /-value for 
this decrease was less than significant. 

3. Continuous intravenous administration of the diluted tincture of digitalis 
to dogs maintained under sodium pentobarbital anesthesia resulted in a 15 
per cent drop in the coagulation time of the blood; the /-value was less than 
significant. 

4. Continuous intravenous administration of the diluted tincture of digitalis 
to dogs maintained under ether anesthesia had practically no effect upon the 
coagulation time of the blood. 

5. The fatal dose of the tincture of digitalis for dogs maintained under Dial 
anesthesia was found to be 1.23 cc. per kg., that for dogs under ether 0.94 cc. 
per kg., and that for dogs under sodium pentobarbital 1.39 cc. per kg. 

6. Administration of a single large dose of the tincture of digitalis in- 
travenously to unanesthetized dogs had no tendency to shorten the coagulation 
time and in fact tended to lengthen it somewhat several hours after injection 
of the drug. 

7. Daily oral administration of the tincture of digitalis in amounts sufficient 
to produce mild intoxication to unanesthetized dogs had no effect upon the 
coagulation time of the blood. 

8. Preadministration of heparin to cats did not alter the toxicity of the 
tincture of digitalis as determined by the usual assay method. 

9. In vitro experiments showed no effect of digitalis on the coagulation of 
whole blood beyond that produced by a solution of equal alcohol content. 

10. No antagonism between heparin and digitalis could be demonstrated 
in vitro. 
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The metabolism of quinidine has received little attention compared with 
that of its optical isomer, quinine. In preceding papers of this series, we have 
shown that there is a quantitative difference in the ability of tissues of various 
species to metabolize quinine in vitro and that there is probably a relationship 
between the m vitro and the in vivo metabolism of the drug (1, 2). In the 
present paper we have extended this investigation to include in vitro and in vivo 
studies on the metabolism of quinidine. Furthermore, since there is some 
evidence to' suggest that quinine is metabolized differently in the chicken and 
duck (3, 4), we have included both these species in our studies. 

Experimental. In vitro studies : For the in vitro studies, the previously described 
procedure was followed (1): Briefly, tissues were blended in a Waring Blendor with 4 
volumes of Ringcr-Locke and filtered through gauze. Aliquots representing 0.2; 1.0 and 
2.0 gms. of tissue were added to beakers containing 0.1 mgm. of quinine or quinidine in 
10 cc. of Ringcr-Locke. The total volume was adjusted to 20 cc. with Ringer Locke. The 
samples were incubated for 0 hours at 38-40°C., analyzed according to the procedure of 
Kelsey and Geiling (5) and the per cent destruction of the alkaloids determined. With the 
smaller species, pooled samples from several animals were used. With the larger species, 
at least two animals were used. Representative data are given in table 1. 

In vivo studies: Adult rabbits, white leghorn chickenB and white Pekin ducks were used. 
The animals were given 10 mgm./kg. intravenously of quinine or quinidine hydrochloride 
in 1% solution calculated as the free base. The drugs were injected into the marginal ear- 
veins of the rabbits and into the wing veins of the birds. The animals were sacrificed at 
intervals of 10 minutes, 1 hour and 4 hours after administration of the drug. The tissues 
were weighed and placed in2%NaOH as rapidly as possible to minimize any in vitro destruc- 
tion that might occur. The results are presented in Tables 2, 3 and 4. 

Results and discussion. The in vitro experiments in the rat and rabbit 
show’ quinine to be more readily metabolized than quinidine. This is also 
apparent in the in vivo experiments in the rabbit. Ten minutes after the in- 
travenous injection of the drugs, the concentrations of quinine observed in the 
various tissues, especially the liver, were significantly lower than with quinidine. 
The extremely low concentrations of quinine found in the liver may be a reflec- 
tion of the ability of that organ to convert quinine in vitro with great rapidity. 
One and four hours after injection, the amount of quinidine remaining in the 

1 This work was aided by a grant from the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of The University of Chicago. The work was done under a contract, recommended 
by The Committee on Medical Research, between The Office of Scientific Research and 
Development and The University of Chicago. 

*John J. Abel Fellow in Pharmacology. 
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tissues is still significantly higher than -with quinine, although only small amounts 
of either are present at the end of four hours. 

The tn n'/ro experiments -with bird tissues show quinidine to he more readily 
metabolized than quinine. The liver and kidney of the duck metabolized 

TABLE 1 

The quinine and quinidine oxidase activity in the tissues of r arious en'en and 
mammalian species 


The figures denote per cent destruction of 0.1 mgm. of quinine or quinidine after 6 hours 
incubation at 3S-40'C. with 0.2, 1.0 and 2.0 gms. tissue. 
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Chicken A — results obtained Dec., 1944 from tissues pooled from 4 birds. 
Chicken B — results obtained May, 1944 for tissues pooled from 4 birds. 


both drugs with apparent case while the results observed with chicken tissues 
shower! them to be much less active in this respect . 3 

■ Marshall (G) has demonstrated quinine oxidase in chicken liver in contrast to our 
earlier reports (l, 7). Our definite effects in at least one of the above experiments may be 
due to the fact that incubation was carried on at 40 8 instead of 37“ as in our previous report 
cr to physiological variation?. Such variation? have already been described in rabbits 
during pregnancy ( 2 ). 
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The metabolism of quinidine has received little attention compared with 
that of its optical isomer, quinine. In preceding papers of this series, we have 
shown that there is a quantitative difference in the ability of tissues of various 
species to metabolize quinine in vitro and that there is probably a relationship 
between the in vitro and the in vivo metabolism of the drug (1, 2). In the 
present paper we have extended this investigation to include in vitro and in vivo 
studies on the metabolism of quinidine. Furthermore, since there is some 
evidence to suggest that quinine is metabolized differently in the chicken and 
duck (3, 4), we have included both these species in our studies. 


Experimental. In vitro studies: For the in vitro studies, the previously described 
procedure was followed (1) : Briefly, tissues were blended in a Waring Blendor with 4 
volumes of Ringer-Loeke and filtered through gauze. Aliquots representing 0,2; 1.0 and 
2.0 gms. of tissue were added to beakers containing 0.1 mgm. of quinine or quinidine in 
10 cc. of Ilinger-Locke. The total volume was adjusted to 20 cc. with Ringer Locke. The 
samples were incubated for 6 hours at 38-40°C., analyzed according to the procedure of 
KeRey and Geiling (5) and the per cent destruction of the alkaloids determined. With the 
smaller species, pooled samples from several animals were used. With the larger species, 
at least two animals were used. Representative data are given in table 1. 

In vivo studies: Adult rabbits, white leghorn chickenB and white Pekin ducks were used. 
The animals were given 10 mgm./kg. intravenously of quinine or quinidine hydrochloride 
in 1% solution calculated as the free base. The drugs were injected into the marginal ear- 
veins of the rabbits and into the wing veins of the birds. The animals were sacrificed at 
intervals of 10 minutes, 1 hour and 4 hours after administration of the drug. The tissues 
were weighed and placed in 2% NaOH as rapidly as possible to minimize any in vitro destruc- 
tion that might occur. The results are presented in Tables 2, 3 and 4. 


Results and discussion. The in vitro experiments in the rat and rabbit 
show' quinine to be more readily metabolized than quinidine. This is also 
apparent in the in vivo experiments in the rabbit. Ten minutes after the in- 
travenous injection of the drugs, the concentrations of quinine observed in the 
various tissues, especially the liver, were significantly lower than with quinidine. 
The extremely low concentrations of quinine found in the liver may be a reflec- 
tion of the ability of that organ to convert quinine in vitro with great rapidity. 
One and four hours after injection, the amount of quinidine remaining in the 
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chicken metabolizes quinine more readily tban the duck. The in tiro experi- 
ments bear out t his suggestion. At the end of four hours the concentrations 
of both quinine and quini din e remaining in the tissues of the duck axe several 
times higher than those in the tissues of the chicken. 

The discrepancy between the rates of in riio and in n Iro metabolism of the 
alkaloids in chickens and ducks led us to reexamine the specificity of our ana- 
lytical method since one explanation of the results w ould be the presence of a 
substance in the duck tissues which would appear to be quinine (or quinidine) 
in the extracts. 

Two control ducks and two ducks which had been injected four hours previ- 
ously with 10 mgm /kg. of quinine were sacrificed and 20 gram aliquots of the 

TABLE 4 


The quinine end quinidine concentrations as mgm fLg.mrartOUS tissues of the duch. at tr.terrcls 
cf 10 minutes ,1 hour and 4 hours after the inl-arer.cms injection of 10 mgm fhg of th.ed-ugs 
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0 7 
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1 

14 2 

1 

10 4 
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2.0 


liver and kidneys were extracted by our usual procedure. The X/10 H;SO< 
extracts were made up to 25 cc. Absorption cur.es were obtained on these 
extracts and on a known solution of quinine m X/10 HiSCh using a Beckman 
quartz spectrophotometer. Density \alues obtained with the extracts from 
the normal ducks were subtracted from those obtained with extracts from the 
treated birds before the specific absorption coefficients were calculated. The 
concentrations of quinine m the extracts were calculated from the A \ alues. 
The specific absorption coefficients (a) are expressed as 

D 

Q ~ c X 1 

where 

D = log£ 

c = concentration in gm./liter 
1 = optical depth in cm. 
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In an earlier paper (3), we reported that in the chicken, an intravenous dose 
of 10 mgm./kg. of quinine was almost completely removed from the tissues 
after four hours. Waletzky and Broivn (4), however, reported that in the duck 

TABLE 2 


Quinine and quinidinc concentrations expressed as mgm./kg. in various tissues of rabbits at 
intervals of 10 minutes, 1 hour and 4 hours after the intravenous injection of 10 mgm./kg. 

of the drugs 



10 MINUTES 

ONE HOUR 

ZOUX HOURS 


Quinine 

Quinidine 



Quinine 

Quinidine 

Blood 

2.9 

3.7 

0.3 

1.5 

0.06 

0.14 

Liver 

1.3 

16 

1 

1 20 

0.13 

1.2 

Lung 

88 

140 

54 

89 

0.6 

3.0 

Kidney. . . . 

38 

55 

8 

28 

0.3 

2.3 

Spleen 

12 

62 

10 

50 

0.62 

1.4 

Heart 

14 

22 

2 

10 

0.14 

0.5 
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7 

10 

2 

6 

0.15 

0.2 
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2.9 

2.8 

1 

1 

0.28 

0.1 

Bile 



5 

13 

8.0 

11.0 


TABLE 3 


The quinine and quinidine concentrations expressed as mgm./kg. in various tissues of the 
chicken at intervals of 10 minutes, 1 hour and 4 hours after the intravenous injection of 

10 mgm./kg. of the drugs 



10 MINUTES 

ONE HOUR 

zouxhou*s 

Quinine 

Quinidine 

Quinine 

Quinidine 

Quinine 

Quinidine 

Liver 

28 50 

53 43 

22* 

22 42 

2.6 2.2 

2.6 6.5 

Lung. . . . . . 

23 

18 

13 

16 

8.9 

4.0 
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27 

32 

17 
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1.0 
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56 46 

62 42 
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Muscle 
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72 

126 

Pancreas 

52 
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4.0 

2.0 
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0.2 

0.2 
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37.5 24.0 

24.0 


8.0 
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* Av. of 5 birds (7) 


“surprisingly high concentrations of quinine are present in the liver, the spleen 
and the brain, even 8 hours after a single intravenous dose of 60 mgm./kg.”. 
Although Waletzky and Brown gave much higher doses than those used by us; 
and although neither method of analysis precludes the presence of some quinine 
degradation products, the data from the two laboratories suggest that the 
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ttie bird (chicken, turkey, pigeon, duck and goose), however, quinidine appears 
to be more readily metabolized of the two alkaloids. 

In vivo , the rabbit metabolizes quinine much more rapidly than quinidine. 
In the duck and the chicken, the two drugs are metabolized at approximately 
the same rate. However, the duck metabolizes both alkaloids more slowly 
than does the chicken. A further difference in the two species is seen in the 
distribution of the drugs between red cells and plasma. 

Further evidence of the specificity of the extraction procedure has been 
obtained. 

Addendum. Recently, Hyatt & Quinn, J. Pharm. & Exper. Therap., 83, 
101, 1945, reported that after intravenous injection, the four alkaloids, quinine, 
quinidine, cinchonine and cinchonidine were distributed in essentially the same 
fashion in the tissues of the dog. 
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The data are given in figure 1. There is no indication of the presence of 
appreciable amounts of quinine derivatives in the extracts. Additional evi- 
dence of purity is supplied by the close agreement in the quinine content of 
the liver and kidney from the fluorescent analysis and from the spectrophoto- 
metric measurement at 2500 A (liver, 18.5 vs. 17.9 mgm./kg.; kidney, 4.9 vs. 
4.8 mgm./kg.). 

A significant difference is apparent in the distribution of both drugs in the 
blood of the duck and the chicken when given under similar conditions. In 



Fig. 1. Absorption Corves for Dock Liver and Kidney Extracts 
Blank values obtained from extracted normal liver and kidney were subtracted from the 
density readings before the specific absorption coefficients were calculated. The con- 
centrations of quinine in the extracts were calculated from the D- 50 d A value. All readings 
were made in aqueous N, 0 H : SO<. 

the chicken, one and four hours after administration, the concentration in the 
plasma is higher than in the red cells whereas the situation is reversed in the 
duck, the red cell concentration being appreciably higher than that of the plasma. 

Comparisons between antimalarial activity of drugs in different species is 
complicated by differences in parasites and host-parasite relationships. In 
addition our in vitro and in vivo data suggest that the chicken and duck may 
handle drugs in an appreciably different fashion which might well affect the 
relative antimalarial activity in the two species. 

Conclusion. Under the conditions of our in vitro studies, quinine is more 
readily metabolized than quinidine by the tissues of the rabbit and the rat. In 
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cf -'iOH — e= chosen after severs! trials to prevent endue colloids! arerregs- 
tie penicthsl add and still avoid making the solution too alkaline . With the high 
sssciated -Kith long injections, nevertheless, some necrosis of the tails of the mice 
d. Different concentrations of the salt “ere injected into the tail vein st a con- 
2tc, ncilir-ng s special injection machine (19) in which injections longer than one 
vere made possible by replacing the usual phonograph motor and turntable spindle 
ditersni spindle connected to a variable geared Dover supply, 
the quicker*, injections used, the duration of which was estimated to be in the neigh- 
d of cue second, no machine was used. Instead, the plunger of the usual 1 cc. 
was driven home by a taut rubber band fastened to the two arms of the syringe 
and overlying the end of the plunger like a bowstring on an arrow. With this ar- 
ient, the 27 gauge needle slowed the flow enough to cushion the movement, but the 
is still so fast that the vein momentarily ballooned. 

awmgdilatation of the tail vein in warm water, each mouse receivedits dose ina volume 
nonal to its weight, equivalent to 0.005 cc. per grana of mouse. Calibrated syringes 
ed for all injections. For the 30 sec. injection, the errors were within the following 

TABLE 1 

Ingred ients in the pel Jet diet fed to “A” mice 

Ground yellow com 
Ground hulled barley 
Ground hulled oats 
Ground whole wheat 
Whole milk powder 
Alfalfa leaf meal 
A and D feeding oil 
2Tc salt 

5So steamed bone meal 
1% precipitated chalk 

” " e m ' x: ’ s sufficiently fine so that it appears the mice have no choice among the 


oolasses 
oil meal 
an oil meal 
■eal 
craps 

buttermilk 

Iuten feed 
1 oats 
bran 

flour middlings 
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theranpijtivTf 1 ^ 1161 ^. 111 eviduat ’ on of hypnotic drugs with reference to thei 
erapeuttc safety, the first critical test is usually the determination of a rati, 

relating lethal dose to effective dose, preferably (i-ifi). One or both o 

as number^of ) |n?^ ^r r , at '° may a ^ ec ted by a variety of conditions, sue! 
physical state oUth ’ S *f ain ’ sex > nutrition, environmental temperature, 

iniert, “' <Por ■*- 

nized bothTn the mT - fact °J °[ ^travenous injection rate, it is generally recog- 
upon 'the -uiesthet; !r wu a ^ orator5 '> that the rate has an inverse effect 
in the case of the n ! fti, 7* f d ° Se ’ Quantitative data appear to be lacking 
and Schonle (4) ex 7 d ‘ C , dose anci quite limited for the lethal dose. Swanson 
and doL ovi i Varfati0n “ the lethaI of amytal for rabbits 

rapid rate will nlm ifT 6 ^ ange o{ rafcs > and emphasize that a sufficiently 
Se eSaHn mt° r f ^ the 1 Iethal dose “ dogs. Das and Raventds (18), 

intravenous injection 8 * For Tom d ° Se de P ends u P on the rate of 

lie between 1 St) and ,, muiute m J ectlon they found the LD50 to 

70 mgm /ksm when , . m gm./kgm., but death could be produced by as little as 
S' to^tudv "m rap . idly injected - The P rcsRn t experiments were 

different constant Pr t ° em m more det ail by determining the effect of 

LD50«;ZZlT m T Ven ° US injeCti ° nS UP ° n b0th the AD5 ° and the 

all of the experiment! 81 Th^^ice wer! oht^ Ti?' weighing 16 * 26 8 rams ’ were used in 
different diet. Except as otherwise noted *7™ !"’° ® Upply houses> each feeding & 

raised was maintained in the lahnr«f ^ th ®, particular dlet upon which the mice were 

“A” mice used in the fim seies of e^n 7° Were UScd ’ The dict ° f thC 

according to the manufacturer contaiTthTi!! ^- C °, nmfi , ted exclusively of pellets which 
series of experiments on the “B" mice Eho ™ in table U In thc 

commercial dog chow. ' th dlet was oats and ha T supplemented with a 

and'cnviTonmenta/temperature^'The'pmitotharwM^' condltloas °f l’y dra ti° n . hygiene, 

required to neutralize the pentothal acid, in order to minimize hydrolysis! This particular 

1 Thi3 WOrk '™ 3 BU PP°ried by a grant from the MoIIinckrodt Chemical Works. 
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i 56.7 ± 3.8 200 ±30 319 ±31 | 5.7 20 | 32 | 3.5 ±0.9 

Estimated value; injection time not less than J or greater than U seconds. 
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The high standard errors for the 5 and 10 minute LD50 of the "A” mice reflect a smaller 
number of animals used, 16 and 17 respectively, and the shallow slope of the dosage-effect 
curves. Considerable care is required in these long injections to avoid secondary vene- 
puncture during the struggling with resultant loss of some of the drug in the perivascular 
tissues. In the case of rapid injections, such extravasation is unlikely and easily detecta- 
ble because the vein, which has been widely dilated by prior immersion in warm water, 
generally remains dilated during most of the injection, and the fast rate insures a visible 
swelling and whitening of the tail if leakage occurs. On the other hand, with longer injec- 
tions and slower rates the tail tends naturally to blanche as it cools, the animal is more 
restless, and it is easy to lose the last fraction of the dose extra -venously without definite 
visible evidence. In later experiments on the “B” mice, the technique was improved by 
inserting the needle in the vein right up to the hilt, and exerting continuous pressure to 
maintain this relationship, which greatly decreased the labor of avoiding secondary vene- 
puncture during struggling. 

For the determination of any one median dose, experiments were conducted until two 
different doses with approximately even numbers of animals on each gave two percentage 
effects, one greater and the other less than 50%. Interpolation was then made by the 
method of Litchfield and Fertig (20). The number of animals involved in the calculations 
was 864. 

Results. The median doses of pentothal obtained with constant rate 
injections of different fixed durations are given in table 2. Both AD50 and LD50 
are shown for the “A” mice, but for the “B” mice only LD50 were determined. 
Each median has been divided by the duration of injection to give the injection 

rate. For the “A” mice, two series of have been calculated; the first 

AD50 

directly from doses experimentally obtained with the same duration of injec- 
tion and therefore a proportionately faster rate for the LD50 as compared to 
the corresponding AD50; the second, by inspection of the graph in figure 1 in 
order to obtain an interpolated LD50 with the same rate of injection as each 
tabulated AD50. 

In figure 1 the observed results with the “A” mice have been plotted in terms 
of the calculated rate against the duration of injection, which shows that for a 
given criterion of either anesthesia or death the two factors are roughly in in- 
verse proportion to each other. Two lethal curves have been drawn in figure 1. 
That which adheres closely to all the experimental data provides the interpo- 

LD50 

lated LD50 values (equal to rate X time) involved in the series of to be 

expected with the same injection rate for both AD50 and LD50 (table 2). The 
second curve fitted to the lethal data in figure 1 is the same as that fitted to the 
anesthetic data, and is given to show how both sets of data tend to follow the 
hyperbola, y = Kx ~° 8 . 

It may be seen in figure 1 that the ratio of distances from the y axis of any 
two points on a lethal and an anesthetic curve respectively, lying in a line per- 
pendicular to the y axis, supplies an for some constant rate; and two 

similar points in a line perpendicular to the x axis give an for some con- 

stant duration of injection. 
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Practically the same relation between rate of injection and time, for the lethal 
dose of amytal in rabbits and in dogs, may be calculated from the data of Swan- 
son and Schonle (4). The weights of their animals are not given, but it is 
interesting to note that division of the calculated rates in mgm./min. by an 
assumed weight, 12 kgm. for dogs and 2 kgm. for rabbits, displaces the latter 
curves vertically to the region of the curves for mice (fig. 2). These rate-time 
curves for threshold responses to anesthetic drugs are, furthermore, similar to 
the classical strength-duration curves for threshold electrical excitation of the 
nerve or muscle cell, if the view is taken that intravenous injection rate (a 
function of drug concentration in the blood of the animal unit) is comparable 



Fig. 1. Relation between Rate and Duration of Injection Required to Produce 
a Given Degree of Depression 

to electron flow rate or current (a function of electrical concentration in con- 
duction systems of the cellular unit). 

The similarity of the curves is best seen when the factors are plotted in log- 
arithmic coordinates (fig. 2). The extent to which the plot is linear in these 
coordinates determines at a glance the suitability of the simple equation, y = 
Kx~°, in which if is a constant and a is equivalent to the slope of the line. The 
excitation data in figure 2 from Rusbton (2J) conform unusually well to this 
equation, with a value for a of 0.8. For excitation most values of a lie between 
0.6 and 0.8, none being less than 0.5 or more than 1.0 (22). 

It will be noted that the experimental data on the mice only tend to follow' 
y = Kx~ a , as in reality they oscillate around this relationship. In the case 
also of the electrical strength-duration curves, the equation is generally no more 
than a first approximation. It was at first thought that despite the reassurance 
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of the standard errors the aberration in the mouse data from y = Kx~° might 
be due to some experimental error operative between different determinations 
of median doses, but not within a series of injections with which any one median 
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is determined, as for example the effect of diurnal variations in temperature 
possibly affecting hydration and mouse weight. The lethal doses were, therefore, 
repeated, although a failure in the usual animal supply necessitated the use of 
mice from another concern. These “B” mice, while showing a greater resistance 
to the anesthetic, confirmed the shape of the lethal curve to a remarkable degree 
(fig- 2). 

The suspicion that diet was responsible for some or all of the difference between 
the “A” and “B” mice was tested by feeding the “A” mice for 6 days on the 
best quality of unrolled seed oats and cured alfalfa. Access to their usual 
pellet diet was provided, but this was largely neglected. Overnight the mice 
became much more lively, feces became harder and blacker, water consumption 
was markedly cut, and the urine decreased in amount and became much less 
rank. On the 6th day, the LD50 for the 2 minute injection was determined and 



Fig. 3. Relation between Slope of Dosage-effect Curve and Injection Time Found 

fob “A” Mice 

found to have been raised about h of the 42% increase in dose which the “B” 
mice tolerated as compared to the “A” mice for that injection rate (table 2). 

The dosage-effect curves for the different durations of injection of pentothal 
are given in figures 3 and 4. Those in figure 3 supply AD99 and LD1 for the 
“A” mice from which the “standard safety margin” (SSM) of Foster (9) can 
be calculated (table 2). No curve is given for the two dosages of the 10 
minute LD50, since the range of percentage effect is too small for even a rough 
estimate. That this curve, nevertheless, has the most shallow slope of all is 
apparent from figure 3 and is further supported by an actual overlap of the 
lethal and minimal anesthetic doses. One of the mice receiving 60 mgm./kgm. 
for the determination of the 10 minute AD50 died 2 hours after the end of the 
injection. This death is considered particularly significant because all the 
mice receiving 60 and 75 mgm./kgm. for determination of the AD50 showed 
a toxic appearance characterized by pallor, convulsive movements, and severe 
respirator^' depression; and deaths with doses used to determine the AD50 
never occurred with injections given in 2 minutes or less. 

The accuracy of the SSM values for the “A” mice is impaired by the com- 
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paratively few animals, usually about 30 and in two cases half this number, 
which mak e up each pentothal dosage-effect curve. Nevertheless, there are 
enough determinations to show that with fast injections the slope is steep and 
the SSM high in value, while with sufficiently slow injections the reverse effect 
is both indicated by the data for the 5 and 10 minute lethal injections (fig. 3) 
and confirmed by the demonstrable overlap of lethal and anesthetic dose found 
with the latter injection time. The more or less orderly transition from a high 
to a low slope is marred by the result for the 2 minute injection (fig. 3). The 

comparatively steep slope of the latter is associated with the highest 

for any injection time, and is probably not accidental since it was also found to 
occur with lethal doses in the "B" mice (fig. 4). 

Also shown in figure 3 is the unusually steep curve for lethal doses of evipal 
determined -with the same technique (injection time of 30 seconds), except that 



Fia. 4. Relation between Slope of Dosage-effect Curve and Injection Time Found 

for “B” Mice 

the sodium salt was prepared with only 15% excess NaOH and there were 89 
animals approximately evenly distributed on 4 doses. 

Some information on the relation between dose, duration of anesthesia, and 
injection time is contained in figure 5. Data are comparatively meager, partly 
because anesthetic durations were not consistently recorded, especially with 
long injections of pentothal which frequently lasted into the night, and also 
because not many doses were used in the center of the range between AD50 
and LD50. Nevertheless, preliminary inspection of the data after plotting 
suggested that a given duration of anesthesia with pentothal required the same 
fraction of .the difference between AD50 and LD50 for each injection time. 
The pentothal curves in figure 5 were drawn to meet this arbitrary specification 
and arc presented, therefore, only to show that the results, while not conclusive 
proof, tend to support the hypothesis. Due to lack of space in the figure the 
numerous data on the individual durations of anesthesia in the region of the 
various AD50 values are not shown, but in the great majority of cases this was 
not over 3 minutes for injections not exceeding 45 seconds in duration. 
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With a fixed duration of injection, the injection rate is, of course, proportional 
to the dose, and the acceleration of anesthetic duration with increase in both 
dose and in rate is considerable. However, the independent influence of injec- 
tion rate alone upon the duration of pentothal anesthesia, at least in the upper 



range of doses, is shown by the equally long anesthetic durations obtained with 
the increased injrction rates incident to shorter injection times but with the same 
or smaller doses (fig. 5). 

Discussion. 1. Relation between injection rale, therapeutic ratio, and dura- 
tion of anesthesia. The actual rates of injection in mgm.fkgm./min. are fre- 
quently omitted in the literature on intravenous anesthetic and lethal doses of 
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barbiturates, and mention is seldom made as to whether a common injection 
rate or common injection time is used for the two doses entering into a thera- 
peutic ratio. Since the injection rate affects both doses, the significance of 
differences in the ratio found for individual drugs under these conditions is 
questionable. In fact, the range of therapeutic indices of barbiturates reported 
in the literature was approximately covered in the present experiments using 
a single drug (pentothal) and different rates of injection for the AD50 and for 
the LD50. 

For example, if all different combinations of pentothal AD50 and LD50 
obtained for “A” mice with injection times of 45 seconds or less (table 2) are 


used to arrive at different the ratio may be anywhere from about 3 to 6. 

ADoO 

If the same injection rate is used for both doses, the ratio may be as high as 10, 
involving injection tunes of about 0.25 and 2.5 minutes for the AD50 and LD50 
respectively. Furthermore, it was found that whether the AD50 and LD50 
be determined with either the same injection rate or the same injection time, 
there was in the former case a particular rate, and in the latter a particular 


time, which gave a maximum 


LD50 

AD50' 


Unless it should be shown that this rate, 


or this time, gives a maximum ratio for all hypnotic drugs which are rated by 
intravenous bioassay, one is obliged to conclude that two such drugs cannot 
be properly compared without rate-time curves (figs. 1 or 2) which detect 
maximum ratios. 


Assuming that the most favorable 


LD50 
AD 50 


is determined from appropriate 


anesthetic and lethal rate-time curves, such 


LD50 
AD 50 


still may not supply an 


accurate idea of the margin of safety' for the individual animal because it ignores 
the slopes of the dosage-effect curves. Foster (9) suggests as a standard margin 
of safety (SSM) the margin between the AD99 and the LD1. The results with 
pentothal, however, show that this margin fluctuates with the rate of injection, 
approaching zero with sufficiently slow rates (table 2). In the comparison of 

two different drugs, the SSM like the may thus depend upon different 

AiJ5U 


rates of absorption into the blood, whether directly' by intravenous injection, 
or indirectly by absorption from subcutaneous sites or the gastrointestinal 
lumen. Standardization of the absorption rate can be controlled in intravenous 


injections, and enough rates can be used to determine the most favorable 


LD1 

AD99’ 


or SSM, but the latter indices would still be of questionable value because they' 
do not consider the duration of drug effect. 

I’ or example, Foster shows alurate by the intraperitoneal route to have an 
SSM in mice of 105% as compared to 34% for phenobarbital. It has been 
been found, however, that for the AD50 by' this route phenobarbital produces 
an anesthesia in mice about 3G% longer than alurate (23, 24), and this qualita- 
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tive difference is generally recognized (25). Consequently, for a given duration 
of action as long as that produced by the AD50 of phenobarbital, a smaller 
proportion of the margin between AD50 and LD50 is required with the latter 
drug; for to get this same duration of anesthesia with alurate would obviously 
require more than the AD50 of alurate. Similarly, for any given hypnotic 
fraction of the AD50 it seems reasonable to assume in the absence of contrary 
evidence that phenobarbital would have a longer action than alurate. The 
advantage inherent in the steeper slope of the dosage-effect curve of alurate 
may thus be cancelled out by its shorter duration of action. 

These same considerations apply to a comparison of evipal and pentothal. 
From figure 5 it seems that for a given duration of anesthesia, especially' if long, 
a smaller proportion of the LD50 is required in the case of pentothal than with 
evipal. But evipal appears to have a much steeper dosage-effect curve than 
pentothal (fig. 3), which in all probability (dependent on a correspondingly 

steep AD50 curve and the same ) means a higherS SM for evipal with 

AD50/ 

this time of injection. For a given duration of anesthesia within the range 
possible with a 30 second injection of evipal, and on the basis of the fraction 
of the difference between the AD99 and LD1 required, it is thus problematical 
as to how great an advantage is possessed by pentothal. 

In order to properly evaluate an intravenous anesthetic, or a hypnotic with 
no lag in onset of action (26) and which is to be tested by the intravenous route, 
it would seem advisable for preliminary bioassays to take into account the follow- 
ing interrelated factors: (1) The r = - _ - over a range of specified rates of injec- 
tion in order to detect possible maximum ratios; (2) the shape of the dosage- 
effect curves involved in these ratios so that corresponding may r be cal- 


culated; (3) the duration of anesthesia for a given fraction of the range between 
both the AD50 and LD50, and between the AD99 and LD1; (4) the quality of 
the anesthesia obtained. 

2. Relation between rate of injection, mode of detoxification, and slope of dosage- 
effect curve. Brundage and Gruber (27) have shown in the dog that over 90% 
of the barbiturate (amytal, ortal, pentobarbital) injected intravenously leaves 
the blood stream in 1 minute, that within the next few' hours the resultant blood 
concentration may be halved, but that these low r blood concentrations, 0.0054% 
or less, are not related either to anesthesia or to death. They conclude that 
after intravenous injection the immediate fate of these barbiturates is distribu- 
tion in the general body tissues, with subsequent release and assumed destruc- 
tion in the liver. 

Immediately after the ordinary brief intravenous injection, therefore, the 
nerve cells are largely' protected from further barbiturate effect by' distribution 
in the general body tissues which insures a low blood concentration of the drug. 
According to this view' the lethal effect in mice of a very' quick injection, e.g. 
1 second, would depend essentially' upon the detoxifying machinery (dilution, 
diffusion, fixation, etc.) available in the heart (via coronary' circulation), lungs, 
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brain, and the portion of blood in the venous return which actually receives 
the drug from the needle. It may be mentioned that the manner of death in 
this case is exceedingly abrupt, quite as if the mouse were killed by a blow 
on the head. 

On the other hand, with a sufficiently long injection involving a considerable 
increase in the recirculation of the drug, there is a much more even distribution 
of the dose throughout the body before death takes place. Accordingly, the 
maximal amount of animal structure participates in the same fatal end result. 
The low slope of the dosage-effect curve which accompanies the higher LD50 
secured with a lower rate of injection may thus be explained as a broadening 
of the range of animal variation produced by the participation of more body 
mechanisms subject to potential variation. The definitely steeper dosage- 
effect curve found ivith the critically long 10 minute injection in the better 
appearing and more resistant “B” mice (fig. 4) is consistent with the assumption 
(28) that variation is less in healthier animals. 

It is pertinent to recall in this connection that both the short and long injec- 
tion have their counterpart in clinical anesthesia with the ultra-short acting 
barbiturates. As destinct from the usual comparatively quick injection, long 
operations with slow intravenous administration of evipal and pentothal are 
coming into favor (29-37). By analogy from the present experiments on mice, 
while the lethal dose for 50% survival may be trebled by a sufficiently slow 
injection rate, the hazard to the individual patient, as measured by the low 
slope of the dosage-effect curve, eventually becomes much greater than super- 
ficially appears. 

3. Similarity of the strength-duration curves of depression to those of excitation. 
The significance of the classical strength-duration curves of excitation is that 
they represent a unique physiological evaluation of cellular state. This evalua- 
tion usually consists of an experimental determination of what quantitative 
combinations of electric potential and its time of application will just produce 
a given threshold cellular excitation. From the curve obtained, an index of 
its shape such as chronaxie may be derived. That electricity merely supplies 
a particular kind of energy to the tissue has been shown by Blair (38), who 
reproduced the strength-duration curve for threshold excitation of the frog’s 
gastrocnemius nerve by substituting a jet of air pressure in place of the electric 
potential. 

The virtue of utilizing two factors of energy, electrical or some other pressure 
and time, is that the evaluation thereby acquires a depth and perspective 
which may be likened to the advantages of binocular vision; it is a form of 
triangulation for the fixing of a point, which in this case is the evaluation of 
the excitation process itself in terms of a fixed reaction to different combinations 
of two energy factors. The importance of this method is emphasized by 
Frcderique’s statement (30) that a large number of physiological observations 
remained without correlation up until the general abandonment of DuBois- 
RcymondV dictum which limited analysis of cellular excitation to the single 
factor of electric current while ignoring the factor of time. 

With respect to the further application of this general principle, it seemed not 
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unreasonable to suspect that when it is a question of altering the dynamic 
equilibrium of a protoplasmic unit in the direction of either excitation or depres- 
sion, the factors governing the requisite exchange of energy might show a similar 
interrelationship, even for different vital units. 

N The justification, however, for comparing the barbiturate curves of depression 
with those of excitation rests on the following grounds: first, the subjects are 
comparable, since each represents a definite biological unit rounding out a cycle 
in ontogenetic development; in one case the nerve or muscle unit, in the other 
the whole animal as a unit. Secondly, the factors are comparable, for time is 
common to both, while electric potential involves a rate somewhat similar 
under the circumstances to the drug injection rate. This similarity resides in 
the fact that potential defines the rate of total electron movement, assuming 
other electrical conditions remain constant, and therefore measures the con- 
centration of electrical energy capable of exciting a dynamic system. Like- 
wise, the injection rate of the anesthetic determines the moment to moment 
blood concentration of what might be called drug energy, since the drug posses- 
ses energy capable of depressing a dynamic system. Finally, the criteria of 
the data are similar, for they are diametrically opposed threshold events, ex- 
citation and depression, which mark an all or none protoplasmic response to 
energy input. 

The question arises as to whether the depression curves may be used in the 
same way for the animal unit as the excitation curves for the tissue unit, to 
provide a new and more sensitive evaluation of the physiological state of the 
animal as a whole in terms of the relationship between shifts in drug concen- 
tration and resultant shifts in the time required to produce a given threshold 
depression. An obvious handicap is that with the technique used in the present 
experiments, involving a population of animals rather than a population of 
measurements on the same animal, the analysis is limited to the detection of 
changes which may be induced in whole groups of animals for a time sufficiently 
long enough to perform the experiments. Nevertheless, the demonstrated 
effect of diet upon the lethal pentothal curve (fig. 2) gives some promise that 
the method may provide useful information. For example, the beneficial 
effects of the “B” diet apparently do not improve the operation of detoxifying 
mechanisms which function in less than a certain minimum length of time after 
the onset of drug injection, possibly the mouse circulation time; while on the 
other hand, the longer the injection time, the greater is the percentage by which 
the lethal dose for the “B” mice exceeds that for the “A” mice. 

Of more immediate interest, perhaps, would be an improved correlation 
between type of drug, depth and duration of anesthesia, and ideal rate of 
intravenous administration, which might be obtained by analysis of anesthetic 
and lethal strength-duration curves (for most favorable ratios) taken in con- 
junction with accurate dosage-effect slopes and complete records of anesthetic 
duration. It is scarcely to be expected that the art of administration of an intra- 
venous anesthetic would thereby be reduced to a calculated procedure, and 
doubtless this is indeed too much to expect so long as doses are introduced into a 
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dynamic system according to its weight alone, and without regard for the parti- 
tion of this weight between important components such as blood volume, inter- 
cellular fluid, and visceral mass, or consideration for the factor of individual 
circulation time. Nevertheless, the prompt discard of calculated doses of intra- 
venous anesthetics (40) is somewhat reminiscent of the confusion which sur- 
rounded the physiological evaluation of cellular excitability before the relation 
between current density and time was established. 

With regard to the strength-duration curve of depression, it is desirable to 
have some explanation for its characteristic shape; in particular, from the stand- 
point of a strict inverse proportion, the depreciating value (higher figure neces- 
sary) of the time factor as compared to the strength factor when smaller strength 
values are used. Mathematically, this is reflected in the flattening of the curve 
(in ordinary coordinates) for longer times as the inverse proportion relation is 
progressively invalidated, and is also represented by the fractional value of a 
in the equation, y — Kx~ a . In double logarithmic coordinates it is graphically 
represented by the extent to which the slope is less than 45°. 

Referring to the argument developed in the discussion of the distribution of 
barbiturate after intravenous injection, it was observed that with a maximally 
fast injection the structural dynamics of the animal are such that a minimum of 
the total animal structure is involved in the threshold depression. Conversely, 
with a sufficiently' slow injection, maximum participation of all suitable animal 
structures takes place. If the additional structures called into action detoxify 
at a faster rate than that of simple diffusion, e.g. by' chemical means in the liver, 
it is then to be expected that decreasing the injection rate would demand a 
continuously disproportionate increase in the figure for time, such as is sig- 
nified by y — Kx ~° 8 . The fact that the pentothal curves only' tend to follow 
y — Kx~°, since in reality they' oscillate around this relation (fig. 2) indicates 
that certain combinations of detoxifying mechanisms are somewhat more 
efficient than others when pitted against certain injection rates. By' analogy' 
from these considerations of the depression curve, the general shape of the 
excitation curve may also be due fundamentally to a change in the extent to 
which individual cellular structures with different rates of reactivity participate 
in the response at different rates of energy input. 

SUMMARY 

1. The AD50 and LD50 of pentothal in mice were raised by decreasing the 
constant rate of intravenous injection. 

2- The ^jqjq of pentothal varied from about 3 to 10, depending on the rates 
of injection used. 

3. The jjyjgg ~ l]-100 (SSM of Foster) was found to decrease for the same 

drug (pentothal) with sufficiently decreased injection rate- 

4. Evidence is presented that a given duration of anesthesia with pentothal 
tends to require a fixed fraction of the margin (difference) between the AD50 
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and LD50 determined with a common injection time, despite variations in this 
time which alter both the AD50 and LD50. 

5. In the upper range of doses with pentothal, increased injection rate with- 
out increase in dose prolonged the anesthesia. 

6. As compared to mice raised on a commercially compounded pellet diet, 
those raised on a diet of rolled oats, hay, and dog chow supplement were found 
to be progressively more resistant to pentothal (LD50 increased by as much 
as 50%) as the injection rate is decreased. One-half of this difference was 
obliterated by feeding the former mice oats and alfalfa for 6 days. 

7. It is suggested that preliminary bioassays of intravenous anesthetics, and 
of hypnotics with immediate onset of action which are to be tested by the 


intravenous route, include the following factors: (1) over a range of 

AD50 

specified rates of injection in order to detect possible maximum ratios; (2) the 
shape of the dosage-effect curves so that corresponding may be calcu- 


lated; (3) the duration of anesthesia for a given fraction of the range between 
AD50 and LD50, and between AD99 and LD1 ; (4) the quality of the anesthesia. 

8. The factors of injection rate and injection duration were found to be 
related in a fairly regular manner for threshold anesthesia and death, approxi- 
mately according to the expression, y = Kx~°, in which a varied from about 
0.7 to 0.8. 

9. The strength-duration curves of pentothal and amytal depression of the 
animal unit are similar to the strength-duration curves of excitation for the 
cellular unit. 

10. It is suggested that the deviation in the shape of the depression strength- 
duration curves from the equilateral hyperbolic form may be accounted for by 
the more active participation in the response at slower injection rates of more 
remote body mechanisms which possess faster rates of detoxification. 
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M-erp ^ it was reported that the cardiac irregularities which 

dueed hv ^ ° SS ^ tbe ^ me °^’ or soon a ^ €r > respiratory arrest, pro- 
resnl^LT P -Tv C lT re u aSS0Ciated ^ th anoxetaia aad that when artificial 
when the '? S 1 U bbe r ^ y R‘ m became normal and remained so even 

l l r Pe COnteDt ° f the bl00d was some 30% greater than that 
nrttne wl ffi reSP r t0 °’ However - if «>e concentration of cycle 

y mCreased cardiac Regularities returned even wit!, an 
STlShT® COntent present - Later Tl »enes ol. (2) reported 
lari ties develormd “ a , a * °" e app . r0 . ached tbe sta S e of respiratory arrest irregu- 
content of <% VP i A * ? ? ® 1Vin ® art ^ c * a * aspiration while increasing the 

ished o!h?r S !? Pane m 4 6 respiratory system the arrhythmias were abol- 
wL beinSm,V f eS d°K amm c a ‘ S ^ bGen reported in "Eich cyclopropane 
report bvSclwam rll 7 T ] respiration (3) b »t with the exception of the 
d!v.nyl b ethct °" haVe f ° Und no such studies with ether and 

unon thcwml ' t0 COmparc tbe tEccts of cyclopropane, ether and divinyl ether 

we ha t renea W '^ C *'?*“’ “ refleCte ? by the EKG > and Wood preSSUre 

and divinyl ether. Pr ° Ce leported " dth cyclopropane, while using ether 

rations weremac de^rcc^^ " ECd throu S hout ‘ bis atud -V. Prcpa- 

serving the EKG, lead 2, by use of a Sanbom cardfoscopT’ “ reSpirat0r ^ rate 0nd ° b ' 

whfrftmcLTca'th^^.^^w" " nd diviny ' Cth0r by lhe °P en dro P method, after 
tained by a closed system"''' 0 " " as msorted and from then on anesthesia was main- 
tamed by a closed system usmg a to-and-fro carbon dioxide absorber and a Foregger gas 
maelune. In the expenments with cyclopropane a closed system was used “hrougbout 

reaped R „ T deepened — a Period of an hour until sLge IV was 

various planes EK ?, a " d "*«*"“* records acre obtained at the 
the Zb in the JJerZ L < < T ^ Samp,CS ° f arterial blood were taken from 

H taldVvr at0ry arreS A th0 d0gs wcre P' a “ d 1" a respirator and artificial respiration 

T: d :!:: >0 Z KaS,D ^ C C ? a ? nt , rati0n 0f ,h0 in the system. At regular 

mtenals thereafter records and blood samples were taken until the heart became irregular 
or stopped. 


« Funds for carrying out this work were kindly supplied by the Mallinckrodt Chemical 
Works. 
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Fig I. IincoHDs or Experiments Described in Table 1 


RESTOrs. Protocols of a typical experiment of each of the three groups are 
shown in Tnble 1 with records of these three experiments shown in figure 1. 
In Table 2 the average results of the three groups of experiments arc presented. 
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In Table 3 data are given regarding the oxidation reaction of ether and divinyl 
ether by iodine pentoxide. 


TABLE 1 

Protocols of -individual experiments using ether, divinyl ether and cyclopropane as anesthetic 


agents 


TIitE 

STAGE 

ANTS 

MCM 100 CC. 

Bp 

HR 

EEC 

RE HARES 



BLOOD 




— 


Diethyl ether — Dog 12 — Weight 13.5 kg. — Anesthetic started at 1:20 p.m. 


1:50 

III, 

98 

150 


Normal 

2:05 

III, 

10S 

155 

180 

Normal 

2:20 

III, 

138 

135 

180 

Normal 

2:30 

IV 

166 

95 

190 

Normal 

2:31 

Respirator started 





2:45 


212 

50 

180 

Normal 

3:00 


245 

30 

100 

V.Ex. 

3:01 

Ether off 





3:03 





Normal 

3:10 



80 

• 

Normal 

3:20 

I 


120 


Normal 


Divnyl ether — Dog 8 — Weight 14 3 kg. — Anesthetic started at 10:00 a.m. 



III. 

33 

135 

200 

Normal 


10:50 

Ill, 

51 

130 

160 

Normal 

Tremor 


IV 

56 

100 

200 

A.V.Dis. 

Tremor 

11 

Respirator started 

65 

80 

ISO 

A V .Nodal 


11:40 


70 

55 

210 

A V. Nodal 




70 

30 

200 

A V Nodal 


12.15 


82 

25 

180 

A V Nodal 



Cyclopropane— Dog 7 — Weight 17 0 kg — Anesthetic started at 1'30 p.m. 


2:00 

III, 

20 

150 

B' ■ 


2:10 

III. 

24 S 

160 

m 


2:15 

IV 

26 

140 

200 

Normal 

2:17 

Respirator started 





2:30 


28 3 

140 

120 

Normal 

2:45 


34 

140 

110 

Normal 

3:15 


3S 

95 

100 

Normal 

3:22 


40 

80 

SO 

A V. Block 1:6 

3:24 

| Cyclopropane off 





3:25 5 





1 Normal 

3:26 

J Av, ake 


170 


Normal 


S A.M. «=■ Sinus Arrhythmia Marked 
S A S. = Sinus Arrhythmia Slight 


Respiratory arrest was produced by ether with a concentration of 152 mg./lOO 
cc. which is in the range of values given in the literature. Under artificial 
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respiration a concentration of 198 mg./lOO cc. was reached while the electro- 
cardiographic pattern was normal, although there was a marked lowering of the 
blood pressure. The rhythm of the heart became irregular with a concentra- 
tion of 232, and the highest average concentration reached was 260 mg./lOO cc. 
This value is in close agreement with that reported by Schrnm cl al. for the cat 
under artificial respiration. 

With divinyl ether cardiac abnormalities were observed in 6/14 dogs at the 
time of respirator’ arrest. In none of these six dogs did the rhythm return 
to normal under artificial respiration while the anesthetic was being adminis- 
tered. In 7 of the 8 dogs with normal rhythm at the time of respiratory arrest 
the rhythm became irregular in 1-3 minutes after the respirator was started and 

TABLE 3 

Oxidation reactions of (C;//i);0 and ( C-Hi)-0 by IiOi and data showing percentage recovery 
I. 5(C-Hr)*0 + 12 I-Oi -* 20 CO- + 25 H-0 + 12 It 
II. (CtH.)tO + 2 I-Oi -» 4 CO.- + 3 HtO + 2 It 


DIETHYL ETHEE 

DXVXXYL ETHEE 

Sample 

Recovered 

% recovery 

Sample in air 

Recovered 

% recovery 

In Blood 






10.8 

10.2 

94 

11.4 

n.i 

97.5 

10.8 

10.2 

94 

5.3 

4.8 

90.6 

10.8 

10.2 

94 

19.2 

18.3 

95.5 

5.4 

5.3 

98 

6.7 

6.8 

101.5 

5.4 

4.9 

91 

10.7 

10.4 

97 

5.4 

5.1 

94 


10.8 

101 

5.4 

5.1 

! 91 

4.4 

4.5 

102 

4.3 

4.2 

9S 




In air 






19.2 

18.0 

94 




25 

23.7 

95 




9 

8.8 

9S 




14.2 

13.9 

98 




13.2 

12.5 

95 




Average 

95.3 



97.7 


all 14 showed a rapid fall in blood pressure to about 30 mm. Hg. in 10-15 minutes, 
at which time the blood contained 68. mg./lOO cc. The highest average con- 
centration attained was 82. mg./lOO cc. 

There are no values given for Stage III, plane 4, for divinyl ether because 
in 12 of the 14 experiments generalized tremor or coordinated running move- 
ments obscured the signs for this plane. This muscular reaction has been 
investigated by Orth cl al. (6) who have shown it to be present even after sec- 
tion of the cord at level of the 10th thoracic segment. These tremors are 
abolished at Stage IV and did not reoccur under artificial respiration. 

Onlv eight experiments were done with cyclopropane because the results 
were similar to those of our earlier study (1). With this agent respiratory 
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arrest was produced by 29.4 mg./lOO cc. blood and in 1 dog multiple focus 
ventricular extra systoles were present at tbe time of respiratory arrest. This 
abnormal rhythm returned to normal upon starting the respirator. Under 
artificial respiration it was possible to increase the cyclopropane some 33% 
above that necessary for respiratory arrest while the rhythm remained normal 
and while the blood pressure was about 100 mm. Hg. 

Upon disconnecting the dog from the anesthetic system and continuing 
artificial respiration the return of the blood pressure and heart rhythm to normal 
and recovery' of spontaneous respiration is most rapid after cyclopropane, inter- 
mediate with divinyl ether and slowest with diethyl ether. This order is what 
one would expect in relation to the rates of elimination of the three agents as 
reported by Ruigh (7). 


SUMMARY 

The concentrations of ether, divinyl ether and cyclopropane necessary in the 
blood for various levels of anesthesia, and their effects upon the rhythm of the 
heart and blood pressure have been investigated. 

The rhythm of the heart remained normal with ether or cyclopropane under 
artificial respiration, started at the time of respiratory arrest, until the con- 
centration of these agents in the blood had reached a level of some 30-40% 
above that at the time of respiratory arrest, whereas with divinyl ether the 
rhythm was irregular in 6/14 dogs at respiratory arrest and became irregular 
in 7 more in 1-2 minutes after artificial respiration was started. 

The blood pressure is maintained better under cyclopropane anesthesia than 
under diethy'l or divinyl ether. 
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The use of Demerol as a substitute for opiates as preanesthetic medication 
has been proposed by Rovenstine and Batterman (1) who showed in expen- 
ments on dogs that it reduced the concentration of cyclopropane in the blood 
necessary for anesthesia and respiratory arrest, that it reduced the quantity 
of ether used to produce anesthesia and respiratory arrest, and that it pro- 
longed the duration of anesthesia after a fixed dose of a barbiturate. They also 
reported its successful use in a series of patients. 

Inasmuch as several reports (2) have mentioned its atropine-like and anti- 
spasmodic action, we were interested in observing its effect upon the rhythm 
of the heart when substituted for morphine and used with cyclopropane, because 
in previous reports (3) it has been shown that, in the dog at least, cardiac irregu- 
larities are routinely observed in cyclopropane anesthesia after premedication 
with morphine. 

Experimental Procedure. Dogs, 8-15 kg. weight, were used for this study. Prepara- 
tions were made for recording blood pressure, respiration and observing electrocardio- 
graphic patterns (lead II) in the normal animal. Then 10 mg /kg. of Denerol was given 
intramuscularly and records made at 10-15 minute intervals for the next 30 minutes, after 
which anesthesia was produced by cyclopropane in oxygen and an intratracheal catheter 
with a Waters Guedel cuff inserted, following which anesthesia was continued by a closed 
system, using a Forreger gas machine with a to-and-fro carbon dioxide absorber. 
Gradually, during a period of 60-90 minutes the concentration of cyclopropane in the 
anesthetic bag was increased so that the dog was brought to respiratory arrest (IV). Sam- 
ples of arterial blood were collected at the different planes of Stage III and at Stage IV 
for determination of the CjH 8 content by the iodine pentoxide method (4). The images 
shown on the cardioscope (Sanborn) were under constant observation. 

Results. The results of a typical experiment are given in Table 1 and a 
summary of the 10 experiments is presented in table 2. 

Discussion. As a rule there was a moderate fall in blood pressure 10-20 
minutes after the intramuscular injection of Demerol but the pressure returned 
to the control level in 30 minutes; and this level was maintained in Stage III--J, 
but fell in Stages III« and IV. Also, there was a decrease in heart rate during 
the 30 minutes after Demerol, which returned to or above the control level 
during anesthesia. 

1 Funds for carrying out this work were kindly supplied by the Mallmckrodt Chemical 
Works. 
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In contrast to the experiments where morphine was used as preanesthetic 
medication the rhythm of the heart, as observed by a cardioscope, remained 


TABLE 1 


Protocol of experiment no. 8, in which Demerol was given as a preaneslhetic agent 


TIME 

STAGE 

CVCLOVaOPANE 

BtOOD 

PRESSURE 

HEART RATE 

EEC 



mg. /1D0 cc. 






blood 




9:40 

Control 


120 

92 

Sinus arrhythmia 

9:41 

Demerol given 





9:45 



100 

90 

Sinus arrhythmia 

9:50 



100 

90 

Sinus arrhythmia 

9:55 



100 

80 

Sinus arrhythmia 

10:00 



115 

72 

Sinus arrhythmia 

10:05 



115 

70 

Sinus arrhythmia 

10:10 



100 

68 

Sinus arrhythmia 

10:12 

Cyclopropane started 





10:15 

Tracheal tube in place 





10:35 

Ills 


110 

75 

See text 

10:45 

HI, 

10 

120 

100 

Regular 

11:00 

III, 

18 

115 

100 

Regular 

11:15 

i III. 

22.4 

100 

100 

Regular 

11:35 

j IV 

31.2 

70 

60 

Regular 


TABLE 2 

Table shows the heart rate and blood pressure before and 10, 20 and 30 minutes after 
premedication with Demerol (10 mg./kg. IM), and during different levels of anesthesia 
produced by cyclopropane. Also the amounts of cyclopropane, mg./lOO cc., in arterial 
blood necessary for the different levels of anesthesia are given. 


EXP. 

ONTROL 

10 MIN. 

20 MIN. 

30 MIN. 

UK 

in* 

III* 

IV 


HR 

Bp 

HR 

Bp 

HR 

Bp 

HR 

Bp 

HR 

Bp 


HR 

Bp 

C*H« 

HR 

Bp 

CiH* 

HR 

Bp 

C»H« 












mg. 



mg. 



mg. 




4 

150 

130 





100 

125 




88 

100 

16.5 




80 

95 

25.8 

5 

70 

135 

8S 

120 

so 

135 

80 

135 




95 

125 

15.6 

95 

110 

24.6 

100 

90 

29 

6 

88 

170 

100 

160 

100 

155 

100 

150 




104 

140 

17.8 

160 

120 


180 

120 

30,5 

7 

85 

120 

100 

SO 

60 

120 

70 

120 

86 

120 

11.2 

84 

110 

12.3 

104 

100 

24.6 

180 

120 

29.2 

8 

92 

120 

90 

100 

72 

115 

CS 

100 

100 

120 

10 

100 

115 

18 

100 

100 

22.4 

60 

70 

31.2 

9 

112 

no 

SO 

155 

84 

150 

SS 

150 

100 

140 

9 




120 

130 

24.6 

ISO 

110 

32 

10 

100 

145 

120 

95 

96 

95 

120 

95 

90 

100 

9 

120 

85 

18.6 

100 

SO 

26.4 

72 

80 

31.8 

11 

120 

160 

76 

145 

6S 

140 

64 

135 

SO 

125 

10 

100 

100 

16.5 

6S 

95 

24.2 

60 

95 

29.7 

12 

104 

130 

SS 

140 

SO 

140 

74 

145 

SO 

150 

9.1 

120 

135 

13.7 

120 

100 

25 

120 

90 

31.8 

13 

88 

13C 

8-1 

110 

72 

120 

61 

120 

64 

130 


62 

125 

18.7 

100 

125 

22.2 

120 

110 

29.2 

Av.. 

jlOl 

13. 

0: 

F 

j 7S 

130 

S3 

127 

So 

126 

9.7 

98 

115 

16.4 

107 

106 

24.3 

115 

96 

30 


normal after premedication with Demerol until after respiratory arrest in 8 
of 10 dogs. In one dog, No. 8, the only abnormality was an A.V. block occurring 
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at each 60th to 75th cardiac cycle for about 5 minutes in Stage III, plane 2 
The other irregularities were in dog No. 12 and these varied from a bigeminal 
rhythm with the second beat a ventricular extrasystole with a rate of 52 per 
minute to shifting pacemaker, A.V. dissociation and nodal rhythm with a 
heart rate of 110-120 during Stage III, plane 3 and 4 and at respiratory arrest. 
This abnormal rhythm was returned to normal in 2 minutes after Stage IV 
was reached, by giving artificial respiration while the dog was disconnected 
from the anesthetic mixture. 

The amount of cyclopropane necessary for the different planes of anesthesia 
was reduced for Stage III 2 and Ills but not for Stage III* or Stage IV when com- 
pared to the non-premedicated dog. These differ from those of Rovenstine 
et al., who found that Demerol, 10 mg./kg., given intravenously 10 minutes 
before induction of anesthesia, reduced markedly the amount of cyclopropane 
necessary for Stage III* and Stage IV. 

This difference is due to a difference in procedures in that Rovenstine and 
Batterman began their cyclopropane 10 minutes after an intravenous injec- 
tion of Demerol and we started cyclopropane 30 minutes after an intramuscular 
injection of Demerol, and reached Stage III* and Stage IV some 90-120 minutes 
after the Demerol was given. In a separate experiment Demerol was given 
intravenously and the dog was observed for 75 minutes. During the first 
50 minutes after injection he was markedly depressed, then he began to whine 
and struggle. Cyclopropane anesthesia was induced and the dog was brought 
to Stage IV over a period of 45 minutes, at which time the concentration of 
cyclopropane in the arterial blood was 33.6 mg./lOO cc. In two other experi- 
ments cyclopropane anesthesia was induced 10 minutes after an intravenous 
injection of Demerol and the dogs were brought to Stage IV in 30 minutes at 
which time the concentration of cyclopropane in the blood was 24.5 mg./100 cc. 
These dogs were disconnected from the anesthetic mixture and permitted to 
breathe air for 20 minutes after which they were again brought to Stage IV with 
cyclopropane and oxygen over a period of 30 minutes, this time, some 100 
minutes after the injection of Demerol, the cyclopropane necessary for respira- 
tory arrest was 30.5 mg./lOO cc. These observations, we believe, may ex- 
plain the differences in our data and those of Rovenstine and Batterman. 

SUMMARY 

1. An investigation of the blood pressure and electrocardiographic changes 
has been made in dogs anesthetized with cyclopropane after medication with 
Demerol. 

2. In most dogs there is a reduction in heart rate and temporary fall in blood 
pressure after the intramuscular injection of 10 mg /kg. of Demerol. 

3. The cardiac irregularities routinely observed during cyclopropane anes- 
thesia after morphine premedication in dogs are not observed after Demerol 
premedication. 

4. Demerol reduces the amount of cyclopropane necessary for the lighter 
planes of anesthesia. 
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A number of studies (1, 2, 3, 4, 5) employing different methods for the deter- 
mination of quinine in blood, plasma and tissues of animals have been reported. 
These methods vary in the extent to which they exclude degradation products 
from the determinations. It has been possible in this study by using selected 
methods to obtain evidence that when quinine is administered to the duck, the 
chick, or the dog, at least two degradation products of quinine are present in 
the plasma and liver. 

Methods. Quinine was administered to the ducks and chicks either by the drug-diet 
method (6) for 3 days or by intravenous injection. There was no difference in the results 
obtained using the two routes of administration. Intravenous administration only was 
used in dogs. 

Three chemical methods have been employed. The first, M.P.A., involves precipita- 
tion of proteins with metaphosphoric acid, centrifugation and estimation of total acid- 
soluble fluorescence in the supernatant fluid (7). The second, E.D.C., involves alkaline 
extraction with ethylene dichloride, addition of trichloroacetic acid and estimation of total 
alkaline-extractable fluorescence (8). The third, Dye, consists of alkaline extraction 
with ethylene dichloride, addition of methyl orange solution and colorimetric estimation 
of the concentration of substances which are sufficiently basic to combine with 
methylorange (9) . 

In many instances sodium chloride was added to the metaphosphoric acid supernate 
and uniformly resulted in nearly complete quenching of the fluorescence. This indicated 
that at most only a trace of the degradation product described by Kelsey et al. (10) was 
present. Alkaline wash of the ethylene dichloride and estimation of fluorescence in the 
ethylene dichloride before and after washing supports this observation. 

All results are calculated as quinine base and expressed as micrograms per 100 cc. All 
determinations were made in duplicate. 

Quinine added to plasma or liver from normal ducks or chicks could be recovered to 
the extent of 92 to 105 per cent by all three methods— M.F .A., E.D.C. and Dye. The same 
was found to be true for quinine added to dog plasma. The addition of quinine to the 
plasma of a duck which had received quinine resulted in satisfactory recovery of the added 
quinine by all three methods. 

Quinine-oxidase was prepared in a crude form from rabbit liver by pressing out the 
liver in a Buchner pres3. This was diluted 3-fold with Ringer’s solution. One cc. was 
used for each 10 cc. of plasma. 

Results. Table 1 summarizes the results of experiments with duck, chick 
and dog plasma. In duck experiments 1 to 5, ducks weighing about 200 grams 
were fed a diet containing 1/20 of a gram of quinine per 100 grams and were 

1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Johns Hopkins University, Baltimore, Maryland. 
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bled on the third 'day after the start of the experiment. In experiment 6, 
quinine was given intravenously. In chick experiment 1, quinine was injected 
intravenously. In the other experiments chicks three or five weeks old were 
fed a diet containing either 1/10 or 1/20 of a gram of quinine per 100 grams and 
the blood was obtained on the third day after the start of the experiment. In 
the dog experiments various dosages were given and samples taken at various 

TABLE 1 


The concentration of “ quinine ” in the plasma of ducks, chicks and dogs 


ANIMAL 

METHOD 

EXPERIMENT 

1 

2 

3 

4 

s 1 

6 1 

9 1 

8 1 

9 

to 

11 

12 

13 







micToirams per J00 cc. i 




m 


Duck 

M.P.A. 

aEiisl 1 

152 

1x711 

134 

192 | 

132 









E.D.C. 

92 

69 

60 

39 

SiTill 

44 






'mj 



| Dye 

! 28 | 



22 

87 

26 






m 


Chick 

M.P.A 

169 

143 

| 119 


196 

55 

55 

168 

103 

124 

59 

w 

WyM 


E.D.C. 

136 

iiVbl 



156 

37 

43 

142 

107 

84 

21 

; K 

B| 


Dye 

159 

117 



166 

36 

m 

65 

50 

120 

64 

80 


Dog 

M.P.A. 

276 

133 



111 

95 

67 

m 

45 

803 

445 

314 

160 


E.D.C. 

178 

108 

97 

53 

104 

89 

58 

itH 

37 

Eej 

:EEu 

318 

170 


Dye 

188 

95 

96 

j 54 

89 

84 

69 

1 121 

43 

| 750 

1 354 

298 

96 


TABLE 2 


The concentration of "quinine" in the liver and plasma of ducks and chicks 


ANIMAL 

METHOD 

EXPERIMENT 

1 

2 

3 

4 

Liver 

Plasma 



Liver 

Plasma 

Liver 

Plasma 






Ptictogrom per J00 cc. 




Duck 

M.P.A. 

17100 

1100 

24600 

681 

12090 

310 

9040 

350 


E.D.C. 

14400 

740 

21280 

368 

8512 

156 

6140 

142 


Dye 

9880 

698 

8530 

258 

6064 

113 

3140 

111 

Chick 

M.P.A. 

8120 

458 

1558 

189 

29S0 

240 




E.D.C. 

6040 

2S4 

860 

167 

1732 

20S 




1 Dye 

4171 

271 

408 

140 

1468 

164 




intervals; after injection. No direct correlation between dosage or interval 
after injection was apparent: considerable variation in the ability of different 
dogs to degrade quinine appears to exist. 

In table 2 are given the “quinine” 2 concentrations in the liver and plasma of 


' The term "quinine” has been used in referring to concentrations, calculated as quinine 
given m the tables since several substances may be involved. Unless the degree of 
fluorescence and basicity of these substances is identical with that of quinine, the figures 
do not express absolute values of concentration. 
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ducks and chicks given quinine by intravenous injection. Blood and liver 
were obtained one and one-half to two hours after injection of quinine. 

An oxidase is present in the liver of the rabbit and other animals (11) which 
converts quinine in vitro into an oxidation product which is probably a car- 
bostyril (12). An attempt was made to use this enzyme as an analytical reagent. 
This was successful with duck plasma but not with chick or dog plasma. In the 
latter the complete decomposition at added quinine could not be obtained. 
Apparently the enzyme Was quickly inactivated by some substance present in 
the chick and dog plasma. Four experiments were performed on the plasma of 
ducks injected with quinine. A typical experiment is summarized in table 3. 
With quinine added to normal duck plasma the E.D.C. and Dye method values 
show a 97 to 99 per cent loss after treatment with the liver. In the plasma of 
ducks injected with quinine about one-third of the fluorescence determined by 
the E.D.C. method remains after treatment with the oxidase while less than 
10 per cent of the material determined by the Dye method remains. 

TABLE 3 


The concentration of “quinine" in duck plasma after incubation with quinine-oxidase 


METHOD 

A 

B 

c 

D 



j micrograms per 100 cc. I 


M.P.A 

618 

408 

82 

38 

E.D.C 

285 

103 

6 

6 

Dye 

216 

21 

19 

7 


A. Plasma of a duck injected with quinine, not treated with quinine-oxidase. 

B. Same plasma as A treated with quinine-oxidase and incubated 5 hours at 37'C. 

C. Normal duck plasma with addition of 600 micrograms per 100 cc. of quinine, treated 
with quinine-oxidase and incubated 5 hours at 37°C. 

D. Same as C but with only 300 micrograms per 100 cc. of quinine ndded. 

DrsctrssroN. The data given in table I show that the fluorescence by the 
E.D.C. method is consistently less than that by the M.P.A. method in the 
plasma of ducks given quinine. This indicates that there is at least one acid- 
soluble fluorescent substance present which is not extracted from alkalinized 
plasma by ethylene dichloride. This substance resembles quitenine in its 
properties. Quitenine added to normal duck plasma behaves exactly like this 
substance. 

The data in table 1 also show that in ducks given quinine the concentrations 
found with the Dye method are consistently lower than those found with the 
E.D.C. method. This may indicate that there are two substances present one 
of which is determined by the Dye method and both of which are determined 
by the E.D.C. method, or it may indicate that there is one substance present 
which is sufficiently basic to combine with methyl orange but more fluorescent 
than quinine. However, data typified by the protocol in table 3 show that over 
90 per cent of the Dye-determined substances are lost after treatment with 
quinine-oxidase whereas approximately 67 per cent of the E.D.C. -determined 
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fluorescence is lost. This evidence strongly indicates that the presence of two 
or more substances is the explanation of the discrepancy between the E.D.C. 
and the Dye methods. Since the concentration of quinine in duck plasma can 
not be higher than the value given by the Dye method and since the quinine- 
oxidase has been found to decompose most of the dye determined substance 
there is some reason to believe that the Dye method gives a fairly accurate 
estimation of the concentration of quinine in duck plasma. 

The behavior of quinine in the chick and dog appears to resemble qualitatively 
its behavior in the duck, but quantitative differences are present. In general, 
less of the two degradation products are present. With two substances, quinine 
and an unknown, extractable by ethylene dichloride, possessing different degrees 
of fluorescence, having different basicities, and present in varying quantities, 
it is not surprising that discordant results are found in chick and dog plasma. 
The results given in table 2 for “quinine” concentrations in the plasma and 
liver of ducks and chicks give further evidence that qualitatively the degrada- 
tion of quinine in the two species is similar. Results given in table 1 indicate 
that the degradation of quinine in the dog may be qualitatively similar to that 
in the duck and chick. 


CONCLUSIONS 

1) There are probably at least two degradation products of quinine to be 
found in the duck after administration of quinine. 

2) The degradation of quinine appears to be qualitatively similar in ducks, 
chicks and dogs. 

3) Of the methods used the Dye method appears to give the most accurate 
estimate of the concentration of quinine in plasma. 

We wish to thank Eleanor R. Mann, Jean E. Hunt and Charlotte Kennedy 
for technical assistance in this work. 
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Although the recent extensive use of quinacrine in the therapeutic and prophy- 
lactic treatment of malaria has focused attention on its possible chronic toxicity, 
no study of its lifetime effects on laboratory animals has been reported. Experi- 
ments (1, 2) conducted for shorter periods of time have shown that quinacrine 
can cause extensive pathological lesions in animal tissues, especially when rela- 
tively large amounts are administered. Early experiments (3, 4, 5, 6, 7) sug- 
gested and later work (8, 9, 10, 11) established the fact that an accumulation of 
qumamue occurs wv suuoa.1 tissues. These observations indicate the possibility 
of damage from small dosages. Furthermore, if quinacrine is to be administered 
therapeutically or prophylactically over long periods of time, dietary considera- 
tions are likely to be important. Recently Scudi and Hamlin (12) reported that 
rats maintained on a high protein, low fat diet resisted the toxic action of quina- 
crine to a greater degree than those maintained on a low protein diet or a diet 
high in both protein and fat. Hegsted, McKibbin and Stare (13) found that the 
addition of various vitamins, yeast and protein did not prevent changes that 
were produced by quinacrine in animals on an already adequate diet. In the 
present investigation we have demonstrated differences in response to the toxic 
action of quinacrine when administered for the approximate lifetime of albino rats 
on high and low' protein diets. 

Part I. High and low protein diets. Experimental. Groups of 18 weanling rats each 
were selected at random with respect to litter mates from our colony of Osborne-Mendel 
strain. Six rats, 3 of each sex, were chosen from a litter and assigned to 10 different diets 
as required for balanced incomplete blocks of 3 with 10 treatments. The design was repli- 
cated ns a whole 3 times, giving a total of ISO rats. Five groups were placed on a high 
protein diet and 5 groups were placed on a low protein diet. One group on each diet was 
given 100 ppm. of quinacrine; a second 200 ppm.; a third 400 ppm.; a fourth S00 ppm.; and 
n fifth, which was used as control, received the diet without the added quinacrine. The 
rats on the 100 and 200 ppm. were started at these levels. Those on the 400 ppm. were 
started at 200 ppm. and raised to 400 ppm. between 10 days and 2 weeks. Those on the SOO 
ppm. were started on 200 ppm. and in a like manner raised to 400 ppm. and then after another 
week raised to 800 ppm. The rats were kept in individual cages in a room with the temper- 
ature and humidity controlled for the duration of the experiment. The rations used had 
the following composition : The low protein diets contained dextrose 75%, casein G%, corn 
oil C7c, brewer’s yeast 5%, salt mixture (tJ. S. P. XII No. 2) 4%, whole liver powder 2%, 
and cod liver oil 2%. In the high protein diet the casein was increased to 30% with a 
corresponding reduction in dextrose. 


1 Trade name quite commonly used. 
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The effect on growth. The first noticeable effect of quinacrine is an apparent 
dislike for the food containing it with a retardation of growth which may later be 
overcome by an adjustment to the distastefulness. Since many animals on the 
low protein diet with 800 ppm. of quinacrine died early, the interval of the first 
12 weeks on the experimental diet was selected as the first period of study for a 
comparison of growth data from all groups. At this period the retarding effect 

TABLE 1 


Mean gain in weight of rats fed diets containing quinacrine 


Tjur IN 
mgmths 

DOSAGE OF 
qUlNACTtlNE 

SEX 

X.OW PROTEIN DIET 

HICH PROTEIN DIET 

i No. of 
: Animals 

Mean gam in vr eight 

No Of 
Animals 



ppm 



grams 


grams 


0 

M 

8 

377.4 ± 12.0 

8 

334.2 ± 13.6 




10 

148.4 ± 12.1 

9 

217.0 ± 8.5 


100 


7 

362.7 ± 8.4 

9 

315.0 =fc 10.5 



F 

9 

112.3 ± 6.1* 

9 

199.1 dc 5.7 

3 

200 

M 

8 

157.1 dfc 7.3* 

9 

289.4 db 12.8* 



mm 

9 

113.8 ± 6.7)* 

9 

192 1 ± 8.9' 


400 


9 

105.9 ± 7. Of 1 

8 

250.4 ± 13.7t 



■■ 

9 

301.2 ± 7.6t 

9 

159.5 ± 6.4f 


800 

M 


91.9 ± 6.4f 

9 

17.1 ± 9.7t 



F 


73.7 ± 4. If 

9 

132.8 ± 6.9t 


0 

M 

■5 

461.6 ± 26.9 

6 

488-3 ± 26.9 



■a 


288.8 ± 15.6 

7 

293-0 ± 13.8 


100 


IBi 

425.4 ± 13.5 

8 

495.2 d= 19.4 




8 

232.9 rfc ll.lf 

8 

294.6 ± 8.9 

12 








200 


7 

387.6 ± 15.0* 

8 

478.8 ± 20.4 




8 

235.5 ± 9.5f 

8 

293.3 ± 10.5 


•100 

M 

6 

250.0 ± 4. If 


384.9 ± 21.5* 



F 

4 

208 3 ± 25. 5f 


222.7 ± 32. 3t 


* p < .05 - > .01 
tp < .01. 


of quinacrine on growth increases with the concentration of quinacrine (table !)• 
The early growth rate was retarded by all dosages used; however, the degree of 
retardation was not significant in all cases. At concentrations of 100 ppm. 
quinacrine retarded significantly the growth rate only of the female animals on 
the low protein diet. At the 200 ppm. level all values for retardation are signifi- 
cant except that for the male animals on the low protein diet. 
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In order to study the effect of quinacrine on growth for a longer period a 
second interval of the first year on the experimental diet was selected. By the 
end of the year all rats on the 800 ppm. of quinacrine had died. An analysis 
(table 1) for the groups on the low protein diet shows that there was a retardation 
at all concentrations; however, the value for the group of male animals on 100 
ppm. of quinacrine remains nonsignificant. On the high protein diet quinacrine 
only at the dosage level of 400 ppm. caused significant retardation. The growth 
rate of the rats on the 200 ppm. of quinacrine had increased so that the value for 
the retardation of growth changed from significant at 3 months to nonsignificant 
at 12 months. 

The effect on mortality. The mortality rate of the rats on the higher concentra- 
tions of quinacrine was related to the dosage of quinacrine and to the kind of diet 
(table 2). Quinacrine at 800 ppm. in the diet was very toxic. All animals on 
the low protein diet at this concentration died within 6 months. On the high 
protein diet the early mortality was less, but all rats died within a year. At the 
400 ppm. level all rats in the low protein group died within 18 months and in the 


TABLE 2 

Per cent mortality of rats fed diets containing quinacrine 


DOSACE OF j 

tow PROTEIN DIET 


HIGH PROTEIN DIET 


6 mos. 

12 znox. 

IS raos. 

6 mos. 

1 12 

18 mos. 

PPM* | 

0 

5.5 

5.5 

33 

11 

: 

1 27.5 

44 

100 

11 

17 

: 39 

5.5 

11 

39 

200 

5.5 

17 

1 61 

0 

11 

55 

400 

17 

39 


11 

27.5 

83 

800 

10 0 

100 

| 100 

11 

m 

100 


high protein groups only 1 was living at the end of the experiment. In the 
groups on 200 ppm. of quinacrine fewer rats were living at the end of the experi- 
ment than in the control groups, but the difference is not significant (p. = 0.15). 

Hematology. At intervals of 0 weeks blood studies were made on 6 rats from 
each group until too few survivors remained in a group to continue the studies. 
Table 3 gives the observations at 6 month intervals. The outstanding change 
was a leukocytosis, predominantly neutrophilic. It was marked in the groups on 
800 ppm. of quinacrine, Jess striking in the groups on 400 ppm. and scarcely 
noticeable in those on 200 ppm. A slight increase in hemoglobin concentration 
and erythrocyte counts was noted in the groups on 800 ppm. of quinacrine. 

Confirming the observations of Seigel and Mushett (1) the lymphocytes 
showed rounded basophilic granules within the cytoplasm (figure 1). In the 
earlier n ecks of the experiment as many as one-half of the lymphocytes 4n the 
800 ppm. groups contained these granules. Smaller percentages were seen in the 
groups on the lower dosages of quinacrine. In later observations the percentages 
gradually decreased until by the end of the first year the granules were rarely 
seen. 
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Pathology. Microscopic examination was made of 114 of the 180 rats. Lung, 
heart, liver, spleen, pancreas, stomach, small intestine, colon, kidney, adrenal 
and testis were sectioned routinely; thyroid, parathyroid, leg muscles, bone and 
marrow of tibia and femur, lymph node, brain, salivary glands, uterus and ovary 

TABLE 3 

Mean hematological effects of quinacrine at intervals of 6 months 


WEEKS 
ON EXPT. 


QUINA- 
CRINE IN 
DIET 


NO. OF 
ANIMALS 


HEMOCLOBIN 
(KIXTT METHOD) 


ERYTHROCYTES 


LEUKOCYTES 


neutrophils 


High protein diet 



Ppm. 


grams 


millions per cm. 
mm. 

thousands per cm. 
mm. 

per cent 

25 

i None 

6 

17.1 ± 

.48* 

7.8 rfc 

.25 

13.6 Ur 2.2 

23.3 ± 4.5 

50 


6 

18.4 rfc 

.57 

8.4 Ur 

.57 

12.8 rfc 1.2 

27.6 ±3.3 

76 


6 

16.8 Ur 

.30 

9.0 rfc 

.70 

10.6 rfc 2.2 

38.3 ±6.4 

25 

200 

6 

17.7 rfc 

.53 

8.6 Ur 

.17 

14.2 rfc 1.4 

28.3 ±5.2 

50 


6 

18.7 rfc 

.14 

8.9 rfc 

.39 

14.6 Ur 1.4 

29.5 ± 1.1 

76 


5 

16.6 rfc 

.61 

9.5 Ur 

.42 

14.2 Ur 3.4 

39.8 ±2.0 

25 

400 

6 

18.7 rfc 

.34 

8.7 Ur 

.13 

15.6 ±2.0 

28.3 ±2.3 

50 


6 

16.4 rfc 

.53 

7.6 Ur 

.26 

26.6 ± 3.1 

42.1 ±5.6 

76 


3 

15.6 rfc 
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.37 
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25 

800 

6 
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.24 

28.4 ±5.7 

48.5 ±8.9 

44 


3 
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.90 

10.2 Ur 1 

.40 

21.7 ± 9.9 

47.3 ±4.1 
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[ No survivors 
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1.8 
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0 
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.53 
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.00 
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3.4 

34.8 ±7.2 

25 
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6 

16.7 

rfc 

.26 

7.9 
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.14 

11.2 

± 

0.5 

25.5 ±2.0 

50 


6 

18.2 

rfc 

.27 

8.4 

rfc 

.23 

14.5 

± 

2.5 

34.0 ±3.6 

76 


6 

14.5 

rfc 

.30 
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± 

.35 
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1.5 

43.1 ±4.2 

25 
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6 

16.2 

rfc 

'.56 

8.2 
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.35 
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1.6 

32.6 ±3.5 

50 


6 
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dr 

.44 

7.9 
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.21 

22.9 

± 

1.9 

40.6 ± 2.7 

76 
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13 
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5 

11.1 
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.70 

7.4 

± i 

.52 

69.9 

rfc 

7.1 

67.6 ±8.2 

25 j 

1 

No survivors 




1 



l 



* The number following each mean is the standard error. 


were sectioned less frequently. In addition to the usual hematoxylin-eosin 
stains on paraffin sections of formalin-fixed material, Peris’ acid-ferrocyanide 
reaction with a basic fuchsin counterstain was used to indicate the nature of 
various pigments, and a Sudan IV stain on frozen sections was used for demon- 
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strating fat. A small amount of work with other fixatives and stains was done 
for the purpose of noting the reactions of the peculiar basophilic granules to be 
mentioned later. 

Brief notes on the lesions seen in our rats following the feeding of high levels of 
quinaerine have been published (14, 15). Since many of the details of similar 
lesions have been described in 2 papers dealing primarily with the structural 
changes, namely, those of Wright and Lillie (2) and of Seigel and Mushett (1), 
many changes in our rats will be only briefly described, with more attention to 
those points not mentioned in the previous publications. Seigel and Mushett 
(1) found “slight adrenal and myocaidial alterations” in rats given 1% of the 
LD50 for 15 months. They also noted moderate myofibrosis and basophilic 
granulation in various locations in rats given 2% of the LD50 for 4 to 6 months. 
The next higher dose, 5% of the LD50, killed the animals after 6 to 12 weeks, 
while still higher doses caused death after various shorter periods. Hegsted, 



T\o 1 Bteonuuc Oramles is Lymi>hoc\tes (X 5700, Wright’s Stain-) 


McKibbin and Stare (13) examined microscopically “a few rats” which had re- 
ceived qmnaenne at levels of 25 and 40 mgm /1 00 giams of diet for G months and 
found only minimal changes, essentially limited to basophilic granulation; no 
necrotic changes vveie detected Barlow, Auerbach and Rivenburg (9) briefly 
discuss the pathology in connection with pharmacological studies in rats which 
leceixed qumaenne for 70 days They Sound that 5% of the LD60 given daily 
by stomach tube foi 49 days caused insignificant findings at necropsy. Wright 
and Lillie (2) continued their experiments for 50 days All of the above named 
workers except Hegsted et al u«cd the weight of the animal in computing the 
dosage level while our levels were computed as percentages of the diet, making a 
direct comparison of mortalities at a given dosage level somewhat difficult. The 
40 mgm . 100 grains of diet used by Hegsted et al corresponds to our 400 ppm. 

Among our rats fed 800 ppm qmnaenne in the diet, those on the low protein 
diet were sov eiely affected much sooner than those on the high protein diet. The 
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first death in the low protein group occurred after 6 weeks with changes essenti- 
ally those of inanition. All but 1 of the remaining 17 rats died or were sacrificed 
because of poor condition after 13 to 19 weeks, while the last rat lived 21 weeks. 
In addition to a generalized yellow discoloration, all 17 rats showed at autopsy 
large irregular areas of necrosis of the liver, and thin fibrous adhesions more or less 
completely gluing together the contents of the cranial half of the abdomen, in- 
cluding the diaphragm and the cranial half of the right kidney. 
The necrosis as seen with the unaided eye involved one-fourth to one-half of the 
liver in 2 instances, half to three-fourths in 13, and over three-fourths in the 
remaining 2. Ascites was present in 4 rats, and pulmonary edema in 6. Micro- 
scopically there were massive areas of hepatic necrosis, with the viable portions 
of the liver generally showing a mixture of regenerative hyperplasia and (from the 
incidental slight or moderate degree of inanition) a lesser degree of atrophy'. 
Varyring amounts of loose to dense fibrous tissue were present around the large 
areas of necrosis and irregularly' in the viable portions of the liver. In the 
meshes of the fibrous tissue were generally numerous foamy macrophages, and 
smaller numbers of these macrophages were present in the sinusoids. The 
macrophages, and to an equal or greater extent the hepatic cells, contained mod- 
erate numbers of small basophilic granules of a type not previously' seen in any of 
our experimental animals of any' species. Blood vessels both inside and outside 
the liver in the vicinity' of the large necrotic areas often contained thrombi, 
sometimes organized and canalized; the vessels generally appeared to be parts of 
the portal venous system, rarely of the hepatic arteries. Slight or moderate bile 
duct proliferation in the liver was seen frequently. Macrophages containing 
hemosiderin were generally present in the fibrous tissue gluing the cranial surface 
of the liver to the diaphragm, and to a lesser extent around the large areas of 
necrosis and elsewhere in the liver. Focal myocardial necrosis with varying de- 
grees of replacement by' fibrous tissue was frequent, but was usually slight in 
degree in contrast to the more extensive examples noted after longer periods of 
feeding, and at lower dosage levels. Nearly' all the rats whose leg muscles were 
sectioned showed focal necrosis of the muscle fibers, generally moderate in degree, 
with more or less fibrous replacement. The lungs frequently contained foci of 
large agranular foamy' macrophages, tending to occur subplcurally' and peribron- 
chially and making up from 25 to 35% of the area of the micro- 
scopic section. These macrophages, together with the somewhat less frequent 
edema fluid and a small alveolar and septal cellular exudate which was chiefly 
mononuclear (smaller and more solid macrophages, together with some poly- 
morphonuclear leukocytes), made a rather characteristic picture in this and other 
groups on the higher dosage levels. Basophilic granules similar to those in the 
liver were present in renal glomerular and tubular epithelial cells, and in lesser 
concentration in masses of foamy macrophages in the villi of the small intestine, 
in scattered macrophages in the splenic pulp and lymph nodes, in the cells of the 
adrenal cortex, in myocardial and pulmonary venous muscle cells, and in the 
endothelial cells of arteries, chiefly those of the lung, heart, liver and spleen. 
They were very rare in arterial muscle cells, which were frequently slightly en- 
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larged and contained weakly oxyphilic granules. Thirteen spleens in this group 
were slightly enlarged; this enlargement was accounted for microscopically by a 
slight pulp hyperplasia plus the presence of the macrophages. 

To aid in studying the pathogenesis of the changes resulting from quinncrine 
administration and to determine what fraction of the changes resulted from the 
moderate degree of inanition present, a special group of 24 rats, not forming a 
part of the 180 rats on the 2-year experiment, was divided into 2 groups, 12 rats 
receiving 800 ppm. quinacrine in the diet and 12 rats receiving no quinacrine but 
with each animal having its dietary intake restricted to that of its paired litter 
mate. Because all of the rats in the first series had with one exception lived at 
least 13 weeks, it was intended to sacrifice 1 male and 1 female of the second series 
together with their paired feeding controls, at 3, 5, 7, 9, 11 and 13 weeks. How- 
ever, after the first 2 pairs had been sacrificed at 3 and 5 weeks respectively, the 
remaining 8 treated rats either died or were sacrificed in extremis at from 5 to 8 
weeks. A slightly faster rate of bringing the animals to the 800 ppm. level than 
that used for the first group may have been responsible for the earlier deaths. 
The microscopic changes were essentially identical with those described in the 
preceding paragraph, with even greater portions of the liver being necrotic in the 
last 8 treated rats. The pair sacrificed at 3 weeks showed a slight to moderate 
hydropic degeneration of the liver, while the pair sacrificed at 5 weeks showed a 
moderate fatty degeneration. Small numbers of foamy macrophages in the lung 
and small intestine had already made their appearance. The male of each of the 
above pairs showed focal necrosis of the myocardium ; leg muscles were negative. 
In the remaining animals the leg muscles showed focal necrosis similar in degree 
to that in the first group; hepatic necrosis and other histopathologic changes were 
also similar with the exception that the myocardium was slightly less damaged. 
The bone marrow of the rats receiving quinacrine was generally slightly hyper- 
plastic while that of the paired feeding controls was slightly hypoplastic. The 
treated rats showed slight reduction of new bone formation at the epiphyseal 
lines and sometimes slight osteoporosis beyond the changes of these types result- 
ing in the control rats from reduced dietary intake. 

Returning now to the main experiment, at the same dosage level of 800 ppm. 
but in a high protein diet, the first rat of the group of 18 was sacrificed because of 
poor condition after 21 weeks of feeding. Twelve of the remaining 17 died or 
were sacrificed because of poor condition between the 26th and 32nd weeks, while 
the last rat died after 50 weeks. The gross and microscopic changes in the liver 
were more variable than in the low protein group, some showing the extensive 
changes described above, others less, with almost no macroscopic change in some 
instances, and the microscopic lesions consisting of slight to moderate focal 
necrosis and additional minor changes. In 9 of the 18 rats there were upper 
abdominal adhesions and macroscopic liver necrosis; the mean degree of these 
changes was less than in the low protein group. Cardiac damage, however, was 
grentcr than in the low protein group. Moderate dilatation was generally pres- 
ent, and in the microscopic sections there was usually marked myocardial fibrosis 
best seen m the left ventricle. Small numbers of muscle fibers showed recent 
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necrosis, which together with the appearance of variable age in the fibrous tissue 
indicated that the nature of the process was that of continuing necrosis of muscle 
fibers, small in number at any given time. Nine rats showed a lesion not seen in 
the low protein group, namely, thrombus formation in the left atrium of the 
heart; in a tenth rat there was a mural thrombus in the left ventricle. The atrial 
thrombi were usually 6 or 7 mm. in diameter and were whitish in color. Micro- 
scopically there was usually slight peripheral organization in the thrombi. 
Ascites was not present in this group; edema of the lungs was noted in 9 animals 
and hydrothorax in 1. The spleen was slightly enlarged in 7 animals. Baso- 
philic granulation, foamy macrophages, low grade pulmonaiy consolidation, 
focal necrosis of leg muscles, splenic and bone marrow hyperplasia and other 
changes were similar to those in the 800 ppm. low protein group. 

At a dosage level of 400 ppm. in either a high or low protein diet, the majority 
of the rats had died or had been sacrificed because of poor condition at the end of 
50 to 60 weeks of feeding. There was little of the massive macroscopic necrosis 
of the liver seen in the 800 ppm. groups but the lesions were still of high grade, 
especially in the microscopic sections. Whitish thrombi in the left cardiac 3 tna 
of the same size as in the previous group were present in 7 rats of the high protein 
group, and in 2 of these ventricular thrombi were also present, once each in the 
right and left ventricles. In the low protein group there were 6 atrial thrombi, 
plus left ventricular thrombi in 3 of these 6 rats. Edematous lungs were noted 
8 and 5 times respectively, and hydrothorax once in each group. Ascites was 
seen only once, in a low protein rat other than that having hydrothorax. Both 
groups showed the dilatation of the heart seen in the 800 ppm. high protein group, 
and in addition distinct hypertrophy was evident. Only I rat in the high protein 
group showed a macroscopic area of necrosis in the liver, while these, together 
with upper abdominal adhesions, were seen 3 times in the low protein group. 
Of the remaining livers, about half were grossly negative, while the other half 
showed slight changes such as a nutmeg appearance, roughening of the surface, 
or slight disproportions and distortions of the architecture. The spleen often 
showed a minimal enlargement, but definite enlargement was noted only once m 
the high and twice in the low protein group. Microscopically, in both the high 
and low protein groups, approximately equal numbers of animals showed slight, 
moderate and marked liver damage, consisting chiefly of necrosis, with slight 
regenerative changes. The necrosis was most often centrolobular, less often 
patchy, and only in a few instances in massive blocks. Myocardial scarring (old 
and recent necrosis of muscle fibers with replacement fibrosis) was usually mod- 
erate in degree in the high protein group, while in the low protein group it was 
either moderate or marked. Hypertrophy and rarefaction of the muscle fibers 
of the left ventricle and large pulmonary veins were frequent, but basophilic 
granules in the muscle fibers were rarely seen. The atria and right ventricle of 
the heart showed the hypertrophy and rarefaction to a lesser degree than did the 
left ventricle; the same was true of the necrosis and scarring. Basophilic gran- 
ules in hepatic and renal epithelial cells and in macrophages in the liver, small 
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intestine and spleen were present in small to moderate numbers, showing a moder- 
ate reduction from the number present when 800 ppm. were fed. The granules 
were now rare in arterial endothelial cells. In general, leg muscles showed slight 
focal necrosis and/or fibrosis, and the bone marrow and splenic pulp were slightly 
hyperplastic. The lungs were about as described for the 800 ppm. level. The 
adrenal showed a mild degree of damage not seen at other levels; in about one- 
fourth of the animals the inner portion of the cortex had a veiy slight to moderate 
moth eaten appearance probably from previous damage with replacement by 
loose fibrous tissue, and in a few adrenals small foci of frank necrosis were present. 
Another change noted only at this level was the rather frequent presence of small 
amounts of pigment, chiefly nonferrous, in the renal convoluted tubular epithe- 
lium. In summary, in the 400 ppm. groups damage to the heart seemed to be as 
great a factor in causing death as was damage to the liver which is contrary to the 
findings in the groups on' higher dosage. A high protein level in the diet had 
only a slight sparing effect on the development of anatomical changes and on 
mortality as compared to the marked effect seen when a diet containing 800 ppm. 
quinacrine was fed. 


TABLE 4 


Numbers of rats with microscopic changes of moderate or marked degree 


caotrp 

MICBOSCOPICAUA 

EXAVtl-VED 

HEART 

... _.. 

UVEK 

KIDNT\ 

200 ppm. 

23 

9 I 

7 

4 

100 ppm. 

27 

2 

2 

4 

Control 

16 

0 

0 

0 


At a dosage level of 200 ppm. the treated animals did not begin to die in 
greater number than their controls until after about 18 months of feeding. Mi- 
croscopically, the visible changes at this level were slight. The viscera showed a 
slight yellow staining, andaminorityof thelivershadsuch changes as slight enlarge- 
ment, slight roughening of the surface, a fine dark orange-and-red mottling, and 
some rounding of the edges. Pulmonary edema was present in 3 animals, 2 in the 
high protein group. In the one in the low protein group, which died after 20 
months, hydrothorax and the only cardiac atrial thrombus at this level were also 
present. A few hearts were slightly dilated and hypertrophied and a few spleens 
very slightly enlarged. In the 100 ppm. groups the gross changes were on the 
whole very slight, although one rat on the low protein diet, evidently unusually 
susceptible, showed extensive hyperplasia and architectural distortion of the 
liver when sacrificed after 15 months. Microscopically, lesions attributable to 
quinacrine in the 200 and 100 ppm. groups, whether on a high or low protein diet, 
were essentially limited to the liver and heart and to a lesser extent the kidney. 
The mild kidney damage appeared late in the experimental period. The actual 
numbers of lesions graded as moderate or marked in the microscopically exam- 
ined rats are given in table 4 ; slight or very slight degrees of most of these changes 
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were present in many of the control animals (as they are in any group of rats two 
years of age) and in more of the test animals. The cardiac lesion was focal myo- 
cardial fibrosis, greatest in the left ventricle, and the renal lesion consisted oi 
focal cortical tubular atrophy and dilatation, the presence of hyaline tubular 
casts, and some glomerular atrophy. In these two organs the lesions caused by 
quinacrine at such low levels of dosage were not specific histologically and 
differed only in degree and numerical incidence from the “spontaneous” lesions 
in control animals of this species; this was not true for the liver. Lesions of the 
liver were never more than moderate in degree except in the one unusually sus- 
ceptible animal and included (in addition to accentuation of the common “spon- 
taneous” slight hepatic cell atrophy and bile duct proliferation seen in old rats) 
hepatic cell hyperplasia, disarrangement of normal architecture, centrolobular 
necrosis, and rarely focal vacuolar degeneration of hepatic cells. The baso- 
philic granules and macrophages regularly seen in the 400 ppm. groups were seen 
infrequently and in small numbers at the 200 ppm. level and only once at 100 
ppm. Slight focal necrosis and/or fibrosis of leg muscles was seen infrequently 
at 200 ppm. and not at 100 ppm.; slight hyperplasia of the splenic pulp was seen 
occasionally in both groups, and the adrenal and bone marrow were negative in 
both. 

The thyroid deserves a woi d of mention since u e were unable to find a reference 
to it in previous reports. Twenty-one thyroids scattered among the various 
treated groups were examined microscopically and the only hyperplasia noted 
was a minimal or questionable one in three glands. Another gland showed a 
marked depletion of colloid, interpreted as recent. These four glands were all 
in rats on a high protein diet at levels of 200 and 400 ppm. quinacrine; otherwise, 
the glands were similar to those of the controls. Parathyroids were included in 
most of the thyroid sections and were all negative. An unpublished study of a 
relatively large series of dogs given 2 and 5 mgm./kgm./day of quinacrine for 2 
years showed only minimal changes in the thyroid (16). 

The following remarks on the pathological changes apply to most or all of the 
rats in this study. The large areas of necrosis in the liver had an infarct-like 
appearance and as stated thrombi were frequently found in microscopic sections. 
However, certain groups showed rather frequent examples of multiple small foci 
of necrosis or larger areas of an earlier or lower grade of necrosis, without the 
presence of thrombi. Considering the entire series, it was our impression that in 
general thrombosis was secondary to the attainment of a large area of high grade 
necrosis, or at least that such an area was not primarily an infarct suddenly 
following thrombosis. Although exceptions were not uncommon, the right side 
of the liver was more susceptible to necrosis; Seigel and Mushett (1) noted the 
same tendency. The clustered foamy macrophages in the lung were larger than 
the foamy macrophages located elsewhere, were easily ruptured, and contained 
very few basophilic granules. The macrophages, endothelial cells and muscle 
cells containing basophilic granules frequently contained in addition poorly 
defined oxyphilic, and fewer neutrophilic granules, whether these represented 
additional types of ingested material or were transitional forms of the basophilic 
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material is not known. In the small intestine multiple levels were frequently- 
sectioned, and showed an increasing gradient of macrophages and basophilic 
granules from the upper to the lower end ; these were not seen in the stomach or 
colon. In spite of their frequent presence in renal glomerular epithelial cells, 
basophilic granules were never noted in the adjacent endothelial cells. Among 
the renal -tubular epithelial cells, basophilic granulation and its frequent accom- 
paniment of hypertrophy and some rarefaction of the cell were essentially limited 
to the distal portions of the looped tubules and less often the proximal thin por- 
tions; they were rarely seen in convoluted or collecting tubules. The granules 
bad the same appearance following Bouin or Zenker fixation as they did after 
formalin. The granules were not metachromatic when stained with toluidine 
blue, and they did not stand out when an unstained paraffin section or a smear of 
liver was examined with polarized light. Granules often remained basophilic in 
necrotic hepatic cells. We assume that these basophilic granules, colorless in 
unstained sections, are some quinacrine-protein compound, but we have no exact 
knowledge of their nature. The macrophages containing them often contained 
sudanophilic material in the liver, but not in other locations; the pulmonary 
macrophages were not sudanophilic. In the most severe examples of myocardial 
fibrosis, there was about the same amount of fibrous as of muscular tissue in the 
left ventricular wall. The cardiac valves never showed damage. In the foci of 
myocardial necrosis of short duration (800 ppm. low protein group) there was 
often slight calcification. Ascites, hydrothorax and pulmonary edema were more 
frequent in the animals found dead than in those sacrificed because of poor con- 
dition. The mechanism of formation and the chemical characteristics of the 
fluids were not investigated. A chronic passive congestion of the liver, often 
accompanying such fluid formation in man, was not seen. Voluntary' muscles 
other than those of the leg were occasionally sectioned, and showed the same focal 
necrotizing changes as did the leg muscles. The adrenals of the rats on the higher 
dosage levels were enlarged, as noted by Seigel and Mushett (1) and by Barlow 
et al. (9). Splenic hemosiderosis was not a result of quinacrine administration; 
the treated rats had no more than the moderate amount of pigment present in the 
controls. Neither was there an excess of the usual juxtamedullary cortical pig- 
ment in the adrenal. As already noted, hemosiderin was present to a certain 
extent in the liver; lymph node hemosiderosis varied as in untreated rats from 
almost none to moderate, and a small or very small amount of hemosiderin was 
often present in the deeper portion of the lamina propria of the small intestine, 
underneath the foamy macrophages in the villi. The uteri and ovaries of 7 rata 
scattered among the various treated groups were sectioned and showed nothing 
of note; the same was true of 4 brains and 4 each of submaxillary and sublingual 
salivary glands. Testicular atrophy from quinacrine was only slight when the 
factors of inanition and of late “spontaneous” atrophy in the controls were con- 
sidered; a possible slight, degree of atrophy of the pancreas belongs in the same 
category. In both treated and control groups on a low protein diet, calcified 
tubular casts around the renal corticomcdullary junction were frequently seen, 
" ®’’^ e ^ le - v "cre scarce in the high protein groups. These renal calcified tubular 
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casts are a typical result of a low protein diet, with accentuation by inanition, in 
our rats, and there is surprisingly little tubular atrophy proximal to these casts. 

In view of the destructive effect of quinacrine on the liver, its possibilities as a 
cirrhogenic and carcinogenic agent in prolonged administration must be con- 
sidered. It is true that several of the rats discussed in this paper had livers that 
both microscopically and grossly showed nodularity and portal fibrosis to such an 
extent that were hepatic cirrhosis the primary object of this study these livers 
would have been considered to show positive results. On the other hand, these 
results did not appear in the rats on low dosage levels and living for 2 years. 
Only 1 liver tumor was seen in the group, an adenoma 2.2 x 2.0 x 1.1 cm. com- 
posed of hepatic cells, in a rat that received 100 ppm. in a high protein diet for 2 
years; this is a normal incidence of this type of tumor in our rats. 

Part II. The effect of staring age on the toxicitt of qihnacrine. 
Ten litters of 4 male rats each were placed on an adequate diet containing 800 
ppm. of quinacrine and allowed to remain on this ration until they died. A rat 
from each of the litters was placed on the quinacrine-containing diets at weekly 
intervals from 3 weeks of age until all rats had been placed on their diets. 

An analysis of the data showed that there was no significant difference in mor- 
tality in the 4 groups of rats. The older and therefore the larger rats died in 
about the same number of days on the experimental diet as the younger rats. An 
analysis of variance, however, brought out the fact that there was a significant 
difference in the mortality rate between litters. A rat in any given group which 
resisted the toxic action of quinacrine for a longer time had litter mates in the 
other 3 groups which also resisted the toxic action of quinacrine. 

Discussion. Tiie many toxic effects produced by quinacrine in these experi- 
ments compels a consideration of the relationship of the dosage received by the 
rats and the human dose in the treatment of malaria. According to Circular 
, Letter No, 22, Office of the Surgeon General, War Department (17) the therapeu- 
tic dose for malaria in man is 300 mgm. given daily for a week and the prophy- 
lactic dose is 200 mgm. given semi-weekly. Chart 1 shows the calculated quina- 
crine intake per day in terms of the body weight of the rat. These values were 
calculated from the weekly food intake of the rats at the various monthly inter- 
vals. The quinacrine intake of the rats at any given dosage level decreased 
rapidly during the first 2 months and then became almost constant as shown by 
the straight line (Chart 1) at about 6 months on the experimental diet. This 
fact is accounted for by the change in the growth rate of the rats from the fast 
growing period to the plateau period, while at the same time their dailj r food 
intake remained almost constant. Part of the increased toxicity observed in the 
rats on the low protein diet is undoubtedly caused by the greater amount of 
quinacrine consumed than by rats with a similar dosage level on the high protein 
diet. As shown in the chart the dosage of 100 ppm. of quinacrine corresponds to 
about 4 mgm./kgm. of body weight per day for the rat. The dosage level is the 
borderline at which slight damage may occur to some rats given quinacrine for 2 
years and to others no harm occurs. Taking the length of time into considera- 
tion, therefore, the amount of quinacrine that will produce toxic effects in rats is 
above the therapeutic or prophylactic dose for man. 
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MONTHS ON EXPERIMENT 

Chart 1. Calculated Quinacrine Intake in Mqm./Kqm. of Body Weight in Hats Receiving Vamous Levels of 

Quinacrine in the Diet 
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In another experiment, involving 59 rats, 400 and 800 ppm. of quinacrine in an 
adequate diet produced the same effects as those reported above for the rats at 
similar concentrations in a high protein diet. 

SUMMARY AND CONCLUSIONS 

1. Quinacrine at concentrations of 100 ppm. or more in the diet of rats pro- 
duces toxic effects. At the 100 ppm. level the effects are slight, at higher levels 
they become progressively more severe. 

2. On the low protein diet there was a significant retardation of growth at all 
concentrations of quinacrine used in this experiment; however, on the high pro- 
tein diet there was no significant retardation below the 200 ppm. level. Because 
of a difference in food intake the rats on a low protein diet consumed more quina- 
crine per kgm. of body weight than those with a similar dosage level on a high 
protein diet. 

3. A concentration of 800 ppm. of quinacrine produces early death in rats and 
one of 400 ppm. significantly incieases the death rate; lower dosages do not 
affect mortality significantly. 

4. The outstanding hematological change is a leukocytosis. This is marked 
in the groups on 800 ppm., less striking in the groups on 400 ppm. and scarcely 
noticeable in those on 200 ppm. of quinacrine. There is an increase in the hemo- 
globin concentration and erythrocyte counts in the rats on the 800 ppm. of 
quinacrine. 

5. At a dosage level of 800 ppm. of quinacrine in the diet, any small gioup of our 
rats showed all and any individual rat showed most of the following changes: 
Generalized yellow discoloration; high grade necrosis of the liver; regenerative 
changes in the remaining viable liver; upper abdominal adhesions; focal necrosis 
■and/or fibrosis of the myocardium and voluntary muscles; basophilic granules in 
hepatic, renal and other cells; foamy macrophages with or without similar 
basophilic granules in several locations; slight hyperplasia of the splenic pulp 
and bone marrow; and a low grade pulmonajy consolidation. 

6. At a dosage level of 800 ppm. a high level of protein in the diet considerably 
delayed and reduced the severity of liver damage as compared to that seen with 
a low level of protein; at 400 ppm. this delay and reduction was only slight, and 
at lower levels it was not apparent. 

7. At 400 ppm. and lover levels of quinacrine, myocardial fibrosis and other 
cardiac changes, a more cumulative type of damage than that in the liver, became 
a factor equal to or greater than liver damage in causing the death of the animal. 

8. After 18 to 24 months of feeding, a longer period than previously reported, 
rats on 200 ppm. of quinacrine in either a low or high protein diet frequently 
showed distinct anatomical lesions as a result of the medication. Even at 100 
ppm. there was a small amount of damage. 

9. The percentage of rats in which quinacrine caused cirrhosis of the liver vas 
so small that ue do not class quinacrine os a distinctlj- eirrhogenic agent. Only 
1 liver tumor was seen, an adenoma vhich v as probably incidental. 

10. The age of young rats at the beginning of the experimental period had no 
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effect on the toxicity of quinacrine. There was found, however, a significant 
effect between different litters of rats. This fact demonstrates the importance of 
choosing litter mates for chronic feeding experiments. 

11. In relation to the body weight of the rat the lowest dosage of quinacrine 
which produced slight toxic effects in some animals corresponds to approximately 
4 mgm./kgm./day for 2 years. 
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In a previous paper (1) it was shown that morphine inhibits water diuresis 
and that this action is dependent upon a functioning neurohypophysis. It was 
observed that morphine produces no antidiuretic action in those dogs in which 
the entire neurohypophysis has been destroyed with resulting permanent dia- 
betes insipidus. 

Since it was shown that morphine does not potentiate the antidiuretic action 
of the circulating posterior pituitary hormone, it was concluded that morphine 
brings about the liberation of the antidiuretic hormone bj r acting on the kyp°- 
thalamico-hypopliysial system. 

In view of these findings, it seemed worthwhile to investigate whether other 
drugs acting on the central nervous system produce a similar action. We 
decided to study first the barbiturate group. The literature dealing with the 
effect of the barbiturates on water diuresis and kidney function is contradictory 
and confusing. Different investigators worked on a variety of species, used 
different barbiturates and diverse methods; many of the experiments were 
inadequately controlled. Table I briefly summarizes the work done on this 
subject so far. 

The purpose of our investigation was 1) to determine whether the barbiturates 
inhibit water diuresis in adequately controlled experiments and, if they produce 
an antidiuretic effect, 2) to determine the mechanism of tins action. 

Methods. All of the experiments were carried out on female dogs, 157 normal, 10 
neurohypophysectomized (diabetes insipidus), and 0 hypophysectomizcd. These animals 
were kept on a constant diet (for composition see earlier paper) (1), were fed once a day 
about 17-18 hours preceding the commencement of the experiment and were therefore 
in the postabsorptive state throughout the experiment. 

The experimental procedure followed was in principle the same as that described in the 
earlier work. Each experiment started with the administration of 40 cc /kgm. of tap water 
by stomach tube (first water). Three hours later the bladder was emptied by catheteriza- 
tion, the urine discarded, and cither the same amount oi water (40 cc /kgm.) was given 
by stomach tube or 25 cc./kgm. by slow intravenous infusion (second water). The animal 
was then placed in a metabolism cage. Three hours after the administration of thesecond 
dose of water the bladder was again emptied by catheterization and the urine excreted 
during this second three hour period collected quantitatively. The first dos e of water 

1 Preliminary reports of parts of this work were published in This Jouhnal, 63: 3, 193S; 
69 : 270, 1940, and 72: 4, 1941. 

3 This investigation has been made with the assistance of a grant from the Committee 
on Therapeutic Research, Council on Pharmacy and Chemistry, American Medical 
Association. 
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TABLE 1 


DRUG 

AUTHOR 

SPECIES 

DOSE AND METHOD OP 
ADinNISTSATXON 

WATER DIURESIS 

Phcnobarbi- 
tal sodium 

Vlolitor & 

Pick, 1927 
(2) 

Buschke, 

1928 (3) 
Kugel, 1929 
(4) 

Bonsmann, 
1930 (5) 

Dog 

tlabbit 

Babbit 

Dog 

O.OOS-O.024 gram/kgm. 
by stomach tube 

0.08 gram/kgm. sub- 
cutaneously 

0.12-0.2 gram subcu- 
taneously 

0.05 gram/kgm. by 
stomach or duodenal 
tube 

Decreased 

Decreased only in 2 out 
of 7 

Decreased 

Decreased 

Isopral 



0.11-0.25 gram/kgm. 
by stomach tube, 
subcutaneously or 
intravenously 

Decreased 

Amytal 

Fee, 1928 (G) 

Dog 

By mouth 

Decreased 

sodium 

Ogden, 1930 
(7) 

Dog 

0.05 gram/kgm. intra- 
peritoneally 

Decreased 

. . 

Saudoptal 

Kugel, 1929 
(4) 

Bonsmann, 
1930 (5) 

Rabbit 

Dog 

0.2 gram by stomach 
tube 

0.04-0.08 gram/kgm. 
by duodenal tube 

Increased 

Decreased 

Barbital 

sodium 

Frey A Kum- 
piess, 1914 
(8) 

Kugel, 1929 
14) 

Bonsmann, 
1930 (5) 

Human 
(normal & 
diabetes 
insipidus) 
Babbit 

Dog 

0.5 gram veronal + 1 
gram trional by 
mouth 

0.1-0.2 gram/kgm. sub- 
cutaneously 

0.1 gram/kgm. by duo 
denal tube 

Decreased 

Unchanged or in- 
creased 

In 33% decreased, in 
C7% no change 

Phenobarbi 
tal + 
Barbital 
sodium 

— 



Unchanged or in- 
creased 

Pcntothal 

Eodium 

Silvette, 194 
(9) 

Rat 

4-G mgm./lOO gram 
body wt. intraperi- 
toneally 

Decreased — 0.2% NaCl 
given intraperito- 
neally instead of 
water. 

Pcntobarbi 
tal sodiurr 

- Mylon, Win- 
term tz t dc 
Stito-Xagj 
1943 (10) 

Dog 

1 

30 mgm./kgm. intra- 
venously 

Suppression of renal 
function in some 
animals. 
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TABLE 1 — Concluded 


DRUG 

AUTHOR 

SPECIES 

DOSE AND METHOD OP 
ADMINISTRATION 

WATER DIURESIS 

Pentobarbx- 

Mylon, Win- 

Dog 

25 mgm./kgm. intra- 

No change in renal 

tal sodium — 
Continued 

ternitz, de 
Suto-Nagy, 
1043 (10) 


venously 

function. 


Corcoran & 
Page, 1943 
(11) 

Dog 

30 mgm./kgm. intra- 
peritoneally 

Renal function, as 
measured by dio- 
drast & inulin clear- 
ance, normal; urine 
flow less in 4 out of 8 
instances; tempo- 
rary failure of renal 
function in 3 out of 
7. 


was given only to bring the animal into water equilibrium. The excretion of the second 
dose of water was the basis of the study of the drug action, since it has been shown that this 
dose of water is excreted quantitatively in normal dogs. 

The drug to be studied was injected intravenously. If the second water was given by 
stomach tube, the drug was administered 40 minutes following the water administration 
in order to allow time for the absorption of the water from the gastrointestinal tract before 
introducing the drug. The urine which was excreted during this 40 minute interval was 
collected quantitatively and subtracted from the amount of the second dose of water 
administered when the percentual recovery was calculated, since its excretion was obvi- 
ously uninfluenced by the drug. If, on the other hand, the water was infused intravenously, 
the drug was administered just before the water infusion was begun. By using this tech- 
nique, the period during nhich the urine was collected was 2 hours and 20 minutes in the 
former case and 3 hours in the latter. In order to avoid the development of any possible 
tolerance, an interval of more than 12 days was allowed between successive administrations 
of the barbiturates. For explanation and further details of the experimental technique 
see earlier paper (1). 

The following barbiturates were used: phenobarbital sodium, amytal sodium’, 
pentobarbital sodium. 

Results. The effect of phenobarbital on water diuresis in normal, diabetes 
insipidus and hypophyscctomizcd dogs. In the first series of experiments on 
normal dogs the second dose of water was given by stomach tube and 40 minutes 
later the drug was injected intravenously. It was found that phenobarbital 
sodium in doses smaller than 0.035-0.040 gram/kgm. had no consistent effect 
on water diuresis. In doses of 0.04 gram/kgm. water diuresis was inhibited 
in all 42 experiments done on 21 dogs. As can be seen in table 2, the urine 
excreted during the 2 hour 20 minute period following the administration of 
0.04 gram/kgm. of phenobarbital sodium was in average 47% ± S.2% as 
compared with 90% ± 7.0% when no drug was given. Since it was shown 
that the absorption of the second dose of water from the gastrointestinal tract 

’ We wish to express our thanks to the Eh Lilly Company, Indianapolis, Indiana for 
supplying us with the amytal sodium used in these experiments. 
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was completed within 40 minutes, it is apparent that phenobarbital could 
not have interfered with this absorption. The decreased excretion of water 
can only be attributed then to an inhibition of the excretory mechanism. Never- 
theless for further corroboration, in a second series of experiments the second 
dose of water was infused slowly into a large vein and the drug was given before 
the infusion was started. Phenobarbital inhibited water diuresis in these 
experiments to the same degree as.it did in those in which the water was given 
by stomach tube (table 2). 

Immediately following the injection of this amount of phenobarbital the 
animals usually showed some excitement and became ataxic. If left undis- 

TABLE 2 

The effect of phenobarbital on water excretion after ingestion or intravenous infusion of water 

in normal dogs 


AH experiments started 17— IS hours after last feeding. In each experiment 40 cc./kgm . 
water was given by stomach (first water). Three hours later the bladder was emptied by 
catheterization and then the second dose of water given. 


NUMBER 

OT DOCS 

NUMBER 

OR EXPERI- 
MENTS 

SECOND WATER 

DOSE or 
PHENOBARBITAL 
SODIUM* 

cram/kcm. 

INTRAVENOUSLY 

URINE DURING 

3 H»S. IN % or 
SECOND WATER, 
MEAN AND MEAN 
DEVIATION 

EFTECT ON NERVOUS SYSTEM 

Given by 

Amount 

cc./kgm. 

38 


Stomach 



90 ±7.6 


14 

14 | 

1 Vein 

25 


111 ±17.7 


21 


Stomach 

40 

0.04 

47 ±8.2 

Excitement, ataxia, 


1 42 

i 

! 

| 


followed by sleep 

10 


Vein 

25 

0.04 

45 ±8.4 ! 

Excitement, ataxia, 







followed by sleep 

12 

12 

Stomach 


O.OS 

43 ±6.0 

Light or full anes- 







thesia 

6 

6 

j Stomach 

j 40 

o. 105 - 0 . nc 

19 ±1.1 

Deep anesthesia 


* Time of phenobarbital administration: 40 minutes after the second dose of water was 
administered, when this was given by stomach or a few minutes before the intravenous 
infusion of the second dose of water was started. In the former case the urine excreted in 
the interval between the administration of the second dose of water and the injection of 
phenobarbital was quantitatively collected and deducted from the total amount of second 
wntcr in calculating the perccntual recovery. 

turbctl, they foil asleep within a few minutes and remained so for several hours. 
It was easy to arouse them and while they were able to walk, they showed 
some incoordination. 

O.OS grnm/kgm, of phenobarbital, which produced light or full anesthesia 
usually while the intravenous injection was being made, had about the same 
degree of antidiuretic effect ns the smallest effective dose. Still larger doses 
(0.105-0.110 grnm/kgm. given intravenously), which produced deep surgical 
anesthesia, exerted a more marked effect on water diuresis (table 2). This 
anesthesia lasted for about 24 hours, and 4S hours after the injection the animals 
wore still unable to stand. 
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Thus, phenobarbital in proper doses was effective in inhibiting water diuresis 
in every normal animal studied. This action was similar to that of morphine 
in its constancy, but not so marked in its degree, even when phenobarbital 
was given in full anesthetic doses. Since this antidiuretic action of phenobarbital 
was established, the question arose as to whether the neurohypophysis was 
involved in the same way as it is in the case of morphine. In order to answer 
this question, the effect of phenobarbital sodium on water diuresis was studied 
in dogs in which the entire neurohypophysis was destroyed. 

For this purpose the animals were prepared in the following way: a high 
hypophysial stalk section was done and in addition the anterior part of the 
hypothalamus was injured. This resulted in loss of function and degeneration 
of the entire neurohypophysis (infundibular process, infundibular stem and 

TABLE 3 

The effect of 1 ) phenobarbital, S) amylal and S ) pentobarbital on water excretion after ingestion 
of water in diabetes insipidus dogs 

AJ1 experiments started 17-18 hours after last feeding. Experimental procedure and 
time of drug administration as in table 2. 


mum dotino 3 hoots in % or watot civin 


DOC NUMBER 

No drug 

Phenobarbital sodium 
intravenously 

Amytal sodium 
intravenously 

Pentobarbital sodium 
intravenously 


de\ iation 

0 040 

S Asm. 

0 080 
s Agm 

0 025 

S Asm 

0 050 

S Asm. 

0 016 
g.Agm. 

0 0J2 

s As™- 

DI2 

71 ±7.3 

79 

72 

75 

70 

82 

78 

DI 6 

80 ±9.6 

89 

81 

100 

79 

81 

78 

DI 13 

87 ±23.0 

90 

85 

69 

90 

117 

S4 

DI 15 

70 ±5.5 

81 

74 

83 

76 

83 

73 

DI 17 

92 ±13.1 

109 

92 

120 

89 

116 

90 

DI 12 

71 ±6.4 

80 

75 

76 

70 

82 

78 

DI 16 

76 ±5.8 

72 

74 

82 

77 

85 

81 

DI IS 

71 ±6.7 

81 

74 

84 

SO 

85 

77 

DI 7 

78 ±7.4 

91 

86 

86 

87 

92 

90 

DI 14 

67 ±5.8 

76 

74 

75 

72 

81 

78 


median eminence). These animals developed permanent diabetes insipidus— 
their daily water exchange was from 3500 to 7000 cc. They had a normally 
functioning anterior pituitary and some of these animals lived for over four 
years. For further details see paper on morphine antidiuresis (1). 

As was shown in earlier work from this laboratory, diabetes insipidus dogs 
excrete ingested water somewhat more slowly than do normal animals. It was 
found that the amount of urine excreted by a large number of diabetes insipidus 
dogs in the 3 hours following the ingestion of water was in average 73% as 
compared to the average of 90% in normal dogs. Phenobarbital sodium given 
intravenouslj' either in doses of 0.04 gram/kgm. or in full anesthetic doses did 
not inhibit water diuresis in dogs with diabetes insipidus (table 3). The re- 
sults were the same whether the water was given by stomach tube and the 
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drug administered 40 minutes later or whether the drug was given first and the 
water infused intravenously. 

In contrast to these results are those which, we obtained with hypoph- 
ysectomized dogs. In these animals, the entire adenohypophysis (pars dis- 
talis, pars intermedia and pars tuberalis) and the infundibular process (neural 
lobe) were removed. These animals had a low postabsorptive blood sugar 
level, were sensitive to insulin, went into hypoglycemic crises on fasting, or 
sometimes spontaneously, but had no permanent diabetes insipidus. The 
median eminence was not destroyed, it was still producing antidiuretic hormone. 

These hypophysectomized animals, due to their diminished blood pressure 
and decreased renal blood flow with resultant decreased glomerular filtration, 
excreted ingested water even more slowly than did those dogs with diabetes 
insipidus. The control recovery of urine during the 3 hour period following 
the administration of the second dose of water was an average of 52% When 

TABLE 4 


The effect of phenobarbital on water excretion after ingestion of water in hypophysectomized 


dogs 

All experiments started 17-18 hours after last feeding, 
time of drug administration as in table 2. 

Experimental procedure and 

doc NtJunrs 

brine oraiNC 3 Bouas is % or water given 

No drug, mean and deviation 

Phenobarbital sodium intravenously 

0 040 g /kgm. 

H 5 

59 ±8 9 

34 

H 6 

56 ±8 7 

31 

H 7 

50 ±7 1 

29 

H 8 

51 ±2 2 

32 

H 9 

48 ±4 9 

29 

H 10 

49 ±3 8 

26 


phenobarbital was given, water diuresis was inhibited in these animals to about 
the same degree as in normal animals (table 4). 

Having obtained these results with phenobarbital, we proceeded to study the 
effect of nmytal on water diuresis. 

The effect of amylal sodium on water diuresis in normal and diabetes insipidus 
dogs. In our study of the effect of amytal on water diuresis, two series of experi- 
ments were conducted on normal animals. In the first, 0.025 gram/kgm. of 
amytal sodium (one-half of the full anesthetic dose) was administered intrave- 
nously. This dose inhibited water diuresis in only 14 dogs out of a total of 32 
(table 5), the degree of this antidiurctic effect (49% ± 3.8%) was approxi- 
mately the same as that obtained with 0.04 gram/kgm. of phenobarbital (47% ± 
8 2%). The remaining 18 dogs showed no antidiuretic response to this dose 
of amytal; they excreted 81% ± 9.9% of the ingested water. In the second 
series of experiments, the full anesthetic dose (0.050 gram/kgm.) was given and 
while this produced an inhibition of water diuresis in 18 dogs out of a total of 22, 
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the degree of inhibition was still the same as that of the smaller dose. There 
were still, however, four dogs in the group which did not respond with an anti- 
diuretic effect. 

In order to elucidate the mechanism of this antidiuretic action, further experi- 
ments were done on dogs with diabetes insipidus. The drug was administered 
in the same doses as were used in the experiments on normal dogs and it was 
found that amytal. sodium in either dose did not inhibit water diuresis in these 
diabetes insipidus dogs (table 3). 

The effects observed immediately following the injection of the smaller dose 
consisted of excitement, muscular incoordination, and eventually sleep. The 
larger dose produced anesthesia usually while the injection was being made 

TABLE 5 

The effect of 1) amytal and S) pentobarbital on water excretion after ingestion of water in normal 

dogs 


AH experiments started 17-18 hours after last feeding. Experimental procedure and 
time of drug administration as in table 2. 


NUMBER 
OF DOCS 

NUMBER 

OF 

EXTERI- 

me? rrs 

DRUG* 

DOSE 

OF 

DRUG 

URINE 

DURING 

3 hours 

IN % OF 
WATER 
GIVEN, 
MEAN AND 
DEVIATION 

EFFECT ON NERVOUS SYSTEM 

32 {Is 

14 

18 

Amytal sodium 

f /*{"> 

0.025 

49 ±3.8 
81 ±9.9 

Excitement, ataxia, followed by sleep 
Excitement, ataxia, followed by sleep 


18 

4 

Amytal sodium 


46 ±8 2 
83 ±8.5 

Anesthesia 

Anesthesia 


12 

12 

Pentobarbital 

sodium 


51 ±5.3 
83 ±S.0 

Excitement, ataxia, followed by sleep 
Excitement, ataxia, followed by sleep 

m 

20 

10 

Pentobarbital 

sodium 

0 032 

53 ±6.5 
76 ±4.9 

Anesthesia 

Anesthesia 


* The drug was administered intravenously in every experiment. 


and this anesthesia lasted for several hours. These effects developed in all 
animals regardless of whether or not the drug inhibited water diuresis. 

This striking result namely, that amytal even when given in large doses did 
not inhibit water diuresis in all animals, suggested the studj' of still other bar- 
biturates and so we chose to investigate the effect of pentobarbital on water 
diuresis. 

The effect of pentobarbital on water diuresis in normal and diabetes insipidus 
dogs. The experimental procedure followed was the same as that employed 
previously in our study of phenobarbetal and amytal. To one series of dogs the 
drug was administered in an amount equivalent to one-half of the anesthetic 
dose and to another the full anesthetic dose was given. The smaller dose 
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(0.016 gram/kgm.) inhibited the excretion of water in 50% of the animals 
studied and the degree of this inhibition was about the same as that produced 
by the smaller dose of either phenobarbital or amytal (table 5). In full anes- 
thetic doses (0.032 gram/kgm.) pentobarbital had an antidiuretic effect in 66% 
of the animals, but the inhibition of water diuresis was not more marked than 
that obtained with the smaller dose (table 5). Neither dose of pentobarbital 
was effective in inhibiting water diuresis in diabetes insipidus dogs (table 3). 

The smaller dose of pentobarbital produced sleep after a transient excite- 
ment, while the larger dose brought about immediate anesthesia which usually 
lasted from three to four hours. Again these effects occurred regardless of the 
effect on water diuresis. 

The constancy of the effect of pentobarbital on water diuresis in normal dogs upon 
repeated administration of the drug. Since it was observed in our studies both 

TABLE 6 

The effect of repeated administrations of pentobarbital sodium on water excretion after ingestion 

of water in normal dogs 

Three experiments were carried out on each dog, an interval of at least two weeks being 
left between experiments. All experiments started 17-18 hours after last feeding. Experi- 
mental procedure and time of drug administration as in table 2. The drug was administered 
intravenously. 


number or DOCS 

EXPERIMENT NO. 

1 

2 

3 

3 

+ 

+ 

+ 

2 

- 

+ 

— 

1 


— 

+ 

1 

+ 

— 

— 

I 

+ 

— 

+ 

1 

+ 

+ 

— 


+ represents antidiuretic effect. 

— represents no antidiurctic effect. 


of amytal and of pentobarbital that a certain percentage of the animals re- 
sponded with antidiuresis, while the remainder had an unchanged diuresis, 
the question arose as to whether tills response was a constant phenomenon of an 
individual animal or whether it varied upon repeated administrations of the 
drug. 

On a series of dogs therefore, three experiments were carried out, care being 
taken to leave a time interval of at least two weeks between the administrations 
of pentobarbital sodium. Table 0 summarizes the results of these experiments. 
As ran be seen, out of a total of 33, three dogs never responded with an anti- 
diuretic effect, four dogs showed a consistent antidiuretic effect and the remain- 
ing six showed varying responses. In this latter group no definite pattern can 
be recognized, Two dogs gave an antidiurctic response only in the second 
experiment, one dog only in the third experiment and, another dog only in the 
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first experiment. The remaining two dogs gave two positive responses — one of 
these gave it on the first and second occasions and the other dog gave it on the 
first and third occasions. 

From these results, it is evident then that the response of each individual 
animal to pentobarbital is not constant, but varies from one occasion to another. 

It was of interest to learn whether morphine would exert an antidiuretic 
effect on those dogs in which pentobarbital did not influence diuresis. There- 
fore, to those dogs in which pentobarbital never produced an antidiuretic effect 
or produced it only on the first occasion that the drug was administered, mor- 
phine was given (5 mgm./kgm. intravenously) following the same experimental 
procedure as in the case of pentobarbital. In all these dogs morphine produced 
the typical, marked antidiuretic effect. The amounts of urine excreted were 
1%, 3%, 6%, 7%. 

The effect of phenobarbilal on saline diuresis in normal dogs. Thus far we have 
discussed the effect of the barbiturates on water diuresis only. At this point 
we would like to consider their effect on saline diuresis. 

In a series of normal dogs, 40 minutes after the administration of the second 
dose of water by stomach tube, a 20% sodium chloride solution was infused 
slowly into the jugular veins in a quantity which if mixed with the second 
water would have made the latter an isotonic sodium chloride solution. Fifty 
mgm./kgm. of phenobarbital sodium were injected intravenously either im- 
mediately before or after the infusion of the sodium chloride solution. Pheno- 
barbital sodium was the barbiturate used in these experiments since, as was 
shown above, it was the barbiturate which inhibited water diuresis in every 
normal animal. The effects of phenobarbital on sodium chloride diuresis 
were not uniform. In some animals there was no antidiuretic effect whatsoever, 
while in others the antidiuretic effect was as marked as in the case of water 
diuresis. The percentual recoveries of urine during the experimental period 
were as follows: 112, 89, 80, 05, 03, 51, 39, 30. Increasing the dose of pheno- 
barbital to 103 mgm./kgm. did not alter the results in any way. In a control 
series in which the same procedure was followed but phenobarbital omitted, 
the percentual recoveries of urine were about 100. 

In another series of experiments, sodium chloride was replaced by sodium 
sulfate since this latter substance is not reabsorbed by the tubules to any con- 
siderable degree when its plasma level is abnormal^' elevated. For this reason 
it was considered more suitable for investigating whether or not phenobarbital 
could inhibit the diuresis produced by a salt solution. A 35% solution of an- 
hydrous sodium sulfate was infused in amounts which if added to the second 
do c e of water would have made it an isotonic solution (2%). Phenobarbital 
was not able to inhibit diuresis in any of these experiments, the percentual 
recoveries of urine varying from 93-119. When the amount of infused sodium 
sulfate was increased to such an extent that the second water became a 3% 
solution, the percentual recoveries of urine were much larger — 108, 109. 

In all of these saline diuresis experiments, the typical effects of phenobarbital 
on the nervous system were manifest. 
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It is apparent then that the effect of phenobarbital on saline diuresis is deter- 
mined 1) by the physiological characteristics of the salt, 2) by the concentra- 
tion of the salt, 3) in the case of sodium chloride, by individual animal differ- 
ences. Thus, we may conclude that an osmotic diuretic can antagonize the 
antidiuretic action of phenobarbital on water diuresis. 

Discussion. One of the most striking observations made in this study was 
that the various barbiturates differ in their effects on water diuresis. Whereas 
phenobarbital inhibited water diuresis in every normal animal, amytal and 
pentobarbital did so only in some. However, this antidiuretic effect when 
produced (by either a small or a full anesthetic dose) was never so marked as 
that produced by a small dose of morphine. Nevertheless, the mechanism of 
this action is similar to that of morphine, in that the neurohypophysis is in- 
volved in both. Evidence for this is that neurohypophysectomized animals 
failed to respond to the barbiturates with an antidiuresis. Still further evidence 
that the antidiuretic hormone of the neurohypophysis is responsible for this 
action is the fact that in normal animals the barbiturates influence saline diuresis 
in a manner similar to pituitrin, that is, saline diuresis is either entirely un- 
inhibited or inhibited to a lesser degree than water diuresis, depending upon the 
physiological properties and the concentration of the salt solution infused 
intravenously. 

The varying responses of an individual animal to repeated administrations 
of pentobarbital may be due to a changing state of the neurohypophysis which, 
however, is not a factor in the case of morphine since the latter seems to repre- 
sent a stronger and always effective stimulus. 

Silvette, in his paper “The Mechanism of Pentothal Sodium Antidiuresis” 
(9) challenged our results published in a preliminary note (12). He based his 
criticism on the following experimental findings: 

“A number of male rats were completely hypophysectomized . . . and were maintained 
after the operation for three to four weeks until the initial polyuria was succeeded by Bn 
essentially normal water intake and urine output. At this time extensive atrophy of the 
gonads was evident, indicating complete removal of the pituitary. ... In these long- 
surviving, completely hypophysectomized animals, which had passed the polyuric state, 
the injection of pentothal sodium had the same antidiuretic effect as in normals. This 
indicates that the hypothalamicohypopliyscal system is not involved in the production of 
pentothal sodium oliguria in rats.” 

These results obtained by Silvette do not justify his conclusion, for he con- 
fuses the criteria for the absence of the adenohypophysis with the criteria for 
tiie absence of the neurohypophysis. The fact that his animals had extensive 
atrophy of the gonads merely indicates a total or subtotal removal of the adeno- 
hypophysis (no histological evidence is given for the complete removal of the 
adenohypophysis), but certainly gives no evidence as to the condition of the 
neurohvpophysis. Furthermore, the fact that his animals bad only a temporaiy 
polyuria and had a normal water exchange at the time of the experiment, is 
definite evidence that at least part of the neurohypophy'sis was present and func- 
tioning and therefore, the hypothalamico-hypophysial system could have been 
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stimulated by the drug, resulting in an increased secretion of the antidiuretic 
hormone. As a matter of fact, Silvette’s results are not in contradiction, but 
rather in fullest agreement with our findings. As was pointed out already in 
our preliminary papers (13, 14) hypophysectomized animals without permanent 
polyuria respond to morphine and the barbiturates with an inhibition of water 
diuresis, whereas neurohypophysectomized animals with permanent diabetes 
insipidus show no inhibition of water diuresis when these drugs are adminis- 
tered. The animals studied by Silvette correspond to those in the former 
group. 

Corcoran and Page (11) in their study of the effect of pentobarbital sodium 
on renal function in dogs found lower rates of urine flow in only four out of 
eight instances when the drug was given in anesthetic doses. However, their 
experiments do not reveal the true effect of the anesthetic on urine flow, since 
in their clearance experiments the intravenously infused diodrast and inulin 
were dissolved in physiological saline containing 2 % of sodium sulfate. As 
was mentioned above the intravenous administration of a salt solution can 
either completely inhibit or diminish the antidiuretic action of the barbiturates 
just as it can inhibit the pituitrin antidiuresis. 

In this connection, we would like to emphasize that studies in which clearance 
methods are employed in investigating the effect of anesthetics on kidney 
function do not reveal the true effect of the anesthetie on tubular activity. 
The use of clearance methods necessitates the intravenous infusion of an osmotic 
diuretic (a salt, mannitol, glucose) and thereby counteracts the effect of the 
drug on water diuresis. This criticism also holds for the recent work of Craig, 
Visscher and Houck (15) in which they studied the effect of ether and cyclo- 
propane on renal function. They found that in light anesthesia these anes- 
thetics do not change tubular activity. However, since they infused large 
concentrations of glucose intravenously, the effect of these drugs on tubular 
function may have been masked by the concomitant glucose diuresis. 

SUMMARY 

1. Aormal dogs, in the postabsorptive state and in water equilibrium, ex- 
creted ingested water (40 cc./kgm.) or intravenously infused water (25 cc./kgm ) 
almost quantitatively within three hours 

2. Phenobarbital sodium given intravenously in one-half of the anesthetic 
dose (0.04 gram/kgm ), either 40 minutes after the administration of water 
by stomach or a few minutes before the intravenous infusion of water was 
started, inhibited water diuresis in every normal dog studied. The degree of 
this inhibition was such that the water output during the experimental period 
was about one-half of the water intake. Phenobarbital in doses smaller than 
0.035-0 040 gram/kgm. had no consistent effect on water diuresis. 

3. Phenobarbital sodium given intravenously in full anesthetic doses (0.08 
gram/kgm.) inhibited water diuresis in normal dogs to a degree not more marked 
than that produced by the half anesthetic dose. 

4. Still larger doses of phenobarbital sodium, causing very deep anesthesia, 
inhibited water diuresis to a greater degree in normal dogs. 
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5. In contrast to phenobarbital either amytal sodium or pentobarbital sodium, 
given intravenously in half anesthetic or even in full anesthetic doses, inhibited 
water excretion in only some animals. If an antidiuretic action was produced 
by either dose of these drugs, it was about of the same degree as that produced 
by the smallest effective dose of phenobarbital. 

C. The effect of repeated administrations of pentobarbital sodium on the 
water diuresis of an individual normal dog was in some cases the same, but not 
always so; for instance, dogs which failed to respond with an antidiuretic effect 
on the first or first and second occasions gave an antidiuretic response at a later 
time, whereas sometimes the first and third administrations produced an anti- 
diuretic response and the second failed to do so. 

7. In dogs in which the entire neurohypophysis (infundibular process, in- 
fundibular stem and median eminence) was destroyed and in which, as a result, 
permanent diabetes insipidus developed, the excretion of water was never 
inhibited by any of the barbiturates studied even when these drugs were given 
in full anesthetic doses. 

8. In contrast to the above, in dogs in which the usual hypophysectomy was 
performed, leaving some parts of the neurohypophysis intact, as evidenced by 
only a transient diabetes insipidus followed by a permanent normal water 
balance, the barbiturates inhibited water diuresis. 

9. Phenobarbital, amytal, and pentobarbital sodium then, inhibited water 
diuresis in dogs only if some part of the neurohypophysis was functioning. 

10. In contrast to its effect on water diuresis in normal dogs, phenobarbital, 
even in full anesthetic doses, either did not inhibit saline diuresis (isotonic 
sodium sulfate solution) or inhibited it only in some animals (isotonic sodium 
chloride solution). 

Acknowledgments: The authors wish to express their gratitude to Dr. Joshua 
Sweet for some of the operations and to Helen I. Bloch for technical assistance. 
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While early work indicated that thiourea was relatively nontoxic (1, 2), recent 
results in animals and in man demonstrate that thiourea and closely related 
compounds possess marked physiological activity. Upon absorption, these 
substances effect a reduction in the output of thyroid hormone and cause hyper- 
plasia of the thyroid gland (3, 4). Both animal experiments (5, 6, 7) and clinical 
results of Astwood (8) and others have demonstrated that thiourea and the closely 
related thiouracil may produce blood dyscrasias affecting either the red or the 
white cells. 

Results of these recent investigations raise a question as to the possibility of 
systemic effects following topical use of ointments containing thiourea as this 
material has been employed frequently as an antioxidant in preparations contain- 
ing such substances as sulfonamides, tannic acid, and peroxides. 

Method. Since histologic changes in the thyroid gland provide definite evidence of 
thiourea action, these were employed as a biological means of measuring absorption of 
thiourea from ointment bases. Additional observations were made on the blood of exper- 
imental animals, and wounded areas were examined for abnormal proliferation. 

A total of 126 white rats weighing 160 to 220 grams, and equally distributed as to sex, 
were divided into ten groups. Circular wounds which included the skin and subcutaneous 
tissues and measured 1 cm. in diameter were prepared in the mid-dorsal anterior thoracic 
region of anesthetized animals These wounds were surrounded by cork rings which were 
held in place with Duo-Liquid Adhesive. Occasionally it was necessary to suture the 
rings to the skin. 

Thiourea was incorporated in each of two different oil in water emulsion type bases. 
One of these contained tragacanth while the other did not. The concentrations of thiourea 
employed were 0 05, 0 1, 1.0, and 10 0 per cent. Two groups of animals served as controls 
and were treated with the ointment bases without thiourea. The other eight groups were 
treated with one or the other of the two bases containing one of the four concentrations of 
thiourea. Animals were housed in individual cages. 

Approximately 100 mgm. of ointment was applied daily six days per week. Old ointment, 
eschars, and accumulated exudate were removed before each application. Hematologic 
examinations were made at the end of four weeks of treatment. Erythrocyte counts, 
leucocyte counts, and hemoglobin determinations were done on groups treated with 1 and 
10 per cent thiourea and on controls. Differential cell counts were made on the animals 
treated with ointments containing 10 per cent thiourea. 

At the end of two weeks’ treatment, half of the animals in each group " ere sacrificed. 
Tissues from wounded areas and the thyroid glands were prepared for histological examina- 
tion. The wounds of the remaining animals were re-established, the rings sutured in place, 
and treatment continued for two additional weeks. In the few instances when rings loos- 
ened, animals were discarded because of the possibility that they might have eaten somo 
of the ointment . 
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An additional experiment was carried out to ascertain whether the thyroid glands of 
animals previously affected by thiourea would regress to give a normal histological picture. 
Twelve rats, half males and half females, were treated in the routine manner for 3 weeks 
with one of the ointments containing 10 per cent thiourea. At the end of this period treat- 
ment was discontinued, and four animals were sacrificed and their thyroids were examined 
microscopically. Four of the remaining animals were sacrificed at the end of 2 weeks and 
the balance at the end of 6 weeks. All thyroids were examined microscopically for evidence 
of regression. 

Results. The ointments containing less than 1 per cent thiourea had no 
significant effect on thyroid cells. Those containing 1 and 10 per cent thiourea 
caused various degrees of the typical change. This change consisted of an 
increase in height of the epithelial cells lining the follicles, a decrease and finally 



A B 

Fig. 1 . "A" normal thyroid tissue from a control rat treated with an ointment con- 
taining no thiourea. *'B” hyperplastic thyroid tissue from a rat treated w ith an ointment 
containing thiourea. This section shows the maximal effect observed. A description is 
given in the text, 

a disappearance of colloid material, and a pronounced increase in the number of 
cells. A typical and maximal effect of this type is shown in figure 1. The 
ointment base containing trngacanth induced a greater histological response in 
all effective thiourea concentrations than did the other base. Differences in 
effects of two and four weeks’ treatment and differences due to sex were not 
apparent. 

Animals sacrificed two weeks after cessation of treatment showed no evidence 
of regression. However, the thyroids of those which were permitted to remain 
untreated for six weeks had cither returned to normal or showed only a small 
degree of hyperplasia. 

1 he examination of micro-topic sections from treated areas revealed that the 
thiourea containing ointments earned no abnormal proliferation of tis-uc. 
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The hematologic studies indicate that none of the ointments definitely affected 
the blood picture. Average erythrocyte counts for the various groups ranged 
between 6.5 and 7.7 million cells per cu. mm. The hemoglobin concentration 
for animals in the group which was treated with 10 per cent thiourea in the 
tragacanth containing ointment was somewhat low and averaged 9.8 gm. per 
100 cc. Hemoglobin concentrations for other groups, including controls, ranged 
between 11.0 and 11.7 gm. per 100 cc. 

As might be expected, because of infections in the experimental wounds, leuco- 
cyte counts generally were high. They ranged for various groups between 25.0 
and 35.5 thousand cells per cu. mm. Proportions of granulocytes and other 
white blood cells were within the normal range for rats. The average per cent 
of granulocytes for the two experimental groups was 22.7 and 23.4. 

SUMMARY 

Thiourea incorporated in, oil in water emulsion type, ointment bases in con- 
centrations of 1 and 10 per cent was absorbed in sufficient amounts, when applied 
to wounds for periods of two weeks, to effect typical thyroid changes. 

Lower concentrations of thiourea (0.05 and 0.1 per cent) did not cause thyroid 
hyperplasia when applied in a similar manner for periods as long as four weeks. 

Absorption of thiourea was influenced by the vehicle as is evidenced by the 
finding that the tragacanth containing ointment produced the most marked 
effect. 

Six weeks after discontinuing treatment, thyroid tissue hud either returned 
to normal, or it showed only slight evidence of thiourea effect. 

Thiourea applied in ointments caused no abnormal proliferation of tissue 
locally. 

Under the conditions of these experiments thiourea had no effect on erythro- 
cyte, leucocyte, and differential cell counts. Hemoglobin concentrations for one 
group of animals receiving thiourea were lower than for other groups. However, 
values for all groups, including controls, weie low; and it is probable that the 
observed differences are not significant. 
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Introduction. In 1912 Vaudremer observed that a strain of Aspergillus 
fumigatus produced (in the mycelium) a substance which neutralized tuberculin 
(1) and was capable in vitro of destroying the pathogenicity of M. tuberculosis (2). 
Recently Soltys (3), and Asheshov and Strelitz (4) reported that culture fluids 
from strains of A. fumigatus, which were isolated independently, exhibited 
inhibitory action against M. tuberculosis in vitro. It is not yet reported whether 
these effects can be attributed to one or more of the four antibiotic substances 
which have been obtained in pure form from various strains of A. fumigatus 
{summarized by Waksman and Geiger (5)]. Schatz and Waksman (23) have 
sWrfn that Jwnijorin inhibits M. tuberculosis. 

A strain of mold believed to be a Penicillium has been reported to cause 
reduction in the virulence of M. tuberculosis (6). Waksman and Woodruff (7) 
have found an antibiotic substance, streptothricin, obtained from cultures of 
Actinomyces lavendulac, to be active in vitro against M. phlei; and Schatz, 
Bugie and Waksman (8) have described the closely related streptomycin, from 
Actinomyces griseus, -which inhibits both M. phlei and M- tuberculosis. Pre- 
liminary studies, in which streptomycin gave some protection to guinea pigs 
against M. tuberculosis, have been described by Feldman and Hinshaw (9). 

About a year ago a species of Aspergillus was isolated by one of us (R. C. A.), 
who found that when grown on certain media it gave a culture fluid which 
inhibited M. tuberculosis in vitro. Some time later we undertook the study of 
the production and isolation of the antibiotic material. A pure line strain of 
the mold, obtained by single spore cultivation (10), was kindly identified by 
Dr. Kenneth B. Raper 3 as a strain of Aspergillus flavus Link. Early in our 
work (before Dr. Raper’s study was made) with this strain we became aw-are 
that ours was very closely related to or identical with the “aspergillic acid 
problem”. 

Antibiotic activity was first detected in cultures of an A- flavus by White (II) 
and impure aspergillic acid was obtained from the cultures by White and Hill (12). 
It has been studied in greater detail by Jones, Rake and Hamre (13). Pure 
aspergillic acid (m.p. 93°) was first reported by Menzcl, Wintersteiner and Rake 
(14) and more recently its chemical nature has been elucidated by Dutcher and 

1 This work was supported by a grant from the Mallinckrodt Chemical Works. 

5 A" abstract of this report was published in the Proc. Fed. Am. Soc. Ercper. Biot. <5; 
Med., i: 113—1, 1915. 

’ U. S. Department ot Agriculture, Northern Regional Research Laboratory, Peoria, 
Illinois. 
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Wintersteiner (15). None of these investigators has reported what amount oi 
the pure fraction of m.p. 93° was obtained from the crude antibiotic material. 
High melting fractions are mentioned by White and Hill, and by Menzel, 
Wintersteiner and Rake who state that a compound, m.p. 149°, having rs the 
antibiotic activity of pure aspergillic acid, was obtained. Dutcher (private 
communication) reports that an A. flavus produces a mixture of aspergillic acid 
and hydroxyaspergillic acid (m.p. 120°), the crude mixture melting between 
97° and 107°. The hydroxyaspergillic acid “has an extreme^ low antibiotic 
activity in comparison with aspergillic acid”. 

Although our work is by no means completed, a description of our progress 
might be of value, particular!}" in view of the demonstration of the activity of 
aspergillic acid like substances on M. tuberculosis (Bush, Dickison, Ward and 
Avery) 2 . 

Experimental. Culturing of the mold has been carried out solely in shallow, quiet 
media of various compositions. Of the latter we have found none equal to lactose and 
Difco peptone in distilled water, and the minimum concentrations of these solutes which 
produce maximum yields seem to be 2% of each. The medium was distributed in one or 
two liter batches in large diphtheria toxin bottles and sterilized in the autoclave. Inocula- 
tion was performed by pouring in 1-2 cc. of a thoroughly agitated, freshly sporulated culture 
of the mold. After growing for 5-6 days at 30-35°C. the one-liter (1-1.5 cm. deep) cultures 
had developed maximum activity and the two-liter (2.5-3 cm. deep) batches were about 
half as active. After a total of 12-14 days the deeper cultures reached the maximum 
activity. 

Assays were carried out against Staphylococcus aureus and Escherichia coli by a serial 
dilution method* (16) and against ill. tuberculosis by an adaptation of the plate-cup method 1 
commonly used for assay of penicillin (17, 18). We have taken as one M. tuberculosis unit 
(TBU) the amount of antibiotic dissolved in 1 cc. which gives a 20 mm. diameter clear zone 
under standard conditions. 5 At maximum titer the cultures contain 1-2 TBU per cc. and 
20-40 dilution units per cc against both S. aureus (SU) and E. coli (E. coli U.). This titer 
remains constant for months. 

Extraction of the antibiotic material from the culture fluid at pH 2-3 has been carried out 
by means of the spray extraction column described elsewhere (16, 19, 20). Isopropyl 
acetate or benzene or heptane (Eastman Practical) are satisfactory solvents. 

* Sterile filtrates can be made through either Seitz or glass bacteria filters; no difference 
in titer could be detected. The former filters cause precipitation in filtrates, particularly 
if the concentration is greater than 1 mg /cc. Filtrates made through glass remain perfectly 
clear. 

5 A loopful of a 24-48 hour pellicle of a quick-growing strain of M. tuberculosis (R. C. A.) 
grown on Difco nutrient broth, is placed on the nutrient agar, and smeared almost uni- 
formly over the surface with a spatula The “penicylinders” are heated and placed on the 
agar. Of the solution to be tested 0.2 cc. is pipetted into the cup. The dish is covered 
with a porous top and incubated at 35 **0. The diameters of the clear zones are measured 
after 24 and after 4S hours. The two measurements are usually nearly identical. Control 
tests with aqueous 0.05 X NaOH sooution give no inhibition, but 0.1 X sometimes gives a 
small clear zone. Most test solutions are therefore diluted to 0.05 X or lower. The error of 
our plate assay values is about ±15%. 

It is important that after the agar is poured (25 cc. Difco Nutrient Agar, 1.5%, in 20 X 100 
mm. Petri dishes) the plates be kept perfectly level in order to obtain a uniform depth (IS). 
The size of the clear zone is inversely proportional to this depth. Petri dishes with per- 
fectly flat bottoms should give more uniform results. 
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Early extractions were carried out with isopropyl acetate and it was found that the 
antibiotic material was removed from this solvent only in very low yield by aqueous 
NaHCOi. Even aqueous NaOH at concentrations sufficient to give pH 11-12 did not 
extract good yields. Distillation of this solvent and treatment of the residue with benzene 
and excess (pH 9-10) aqueous NaOH (0.1-0.5 N) was found to give fair yields in the aqueous 
alkaline solution. 

Later extractions of the culture fluid at pH 2-3 were carried out with benzene in the 
spray column. Xt was found necessary to spray the culture through the column a second 
time to get nearly maximum recoveries of the extractable materials. If heptane were 
used as extracting solvent three passes were necessary, but the activity of the product was 
somewhat higher. The following is a description of a typical experiment: 

The culture fluid was poured from the culture bottles through glass wool. This pooled 
culture (71.4 liters, assay: 2 TBU, 23 SU and 23 E. coll U. per cc.) waB acidified to pH 2.6 
with concentrated HCl and sprayed through the column of heptane at an average rate of 
12-15 liters per hour, while fresh heptane was run through counter-current-wise at 2 liters 
per hour. The heptane extract (10.7 liters) was distilled to a volume 212 cc. and reserved as 
"heptane 1”. The acid culture fluid was put through this extraction procedure a second 
and a third time, and the concentrated extracts "heptane 2” (149 cc.) and "heptane 3" 
(97 cc.) obtained. By evaporation of small portions to dryness and weighing the crystalline 
residues, these extracts were found to contain, respectively, 13.9, 7.3 and 3.0 grams of 
relatively non-volatile solute. The activity of all three fractions was 3.0 TBU per milli- 
gram; this represented a total of 73,000 TBU, about 50-75% of the apparent activity of the 
culture fluid. 

Preliminary purification of this crude material was carried out as follows: The main 
portions of the three heptanes (representing 99% of the total) were combined in a separatory 
funnel with 400 cc. of distilled water and the active material was taken into the aqueous 
phase by adding 10 cc. portions of N NaOH and equilibrating by shaking 2 minutes each 
time. A totat of 80 cc. of the alkali gave pH 7.95, and two more portions of 5 cc. each gave 
pH 8.65 (the break in the titration curve occurred at pH 8.3). The aqueous phase was 
drawn off (small amounts of emulsion were centrifuged), and the heptane layer was equi- 
librated with 200 cc. of 0.025 N NaOH. This aqueous layer was separated (pH 11.7). 
The heptane layer was rich orange in color. The two aqueous alkaline solutions were 
extracted in order and in succession with a fresh portion of heptane (200 cc.) which raised 
the pH of the first to 8.95, and lowered the pH of the second to 11.5. This second heptane 
was yellow. The two aqueous solutions had volumes 500 cc. and 195 cc., and showed on 
assay, respectively, 160 and 18 TBU per cc. The first solution gave assay values of 2200 E. 
coll U. and 2200 SU per cc. The yield from the culture at this stage was 70 ±15% for all 
three types of units. 

These two aqueous solutions were combined, acidified to pH 1.2 with 10 cc. of concen- 
trated HCl and shaken 2 minutes with 500 cc. of heptane. The aqueous solution was drawn 
off and extracted with 200 cc. of fresh heptane. The aqueous phase retained much color. 
The two heptane extracts (515 cc. and 197 cc.) contained, respectively, 36.5 mg./cc. and 
2.62 mg./cc. of crystalline relatively non-volatile solute. They were combined, mixed well, 
atored in a glass stoppered pyrex bottle at room temperature, labelled "crude acids in 
heptane” and used in the following experiments. 

Properties of the " crude acids in heptane". When 5.0 cc. of this solution were evaporated 
(quickly, to minimize less of solute) the oily residue (136.6 mg.) soon became completely 
crystalline. It melted 82-92’, and gave [a] D + 9.7 (c - 4 in absolute methanol) and [«] D + 
10.8 (c — 4 in 95% ethanol). It was dissolved by the following solvents in order of increas- 
ing amounts (mg./cc. at 20-23“): water (0,5-1), heptane (50), acetone (300), methyl alcohol 
benxene, isopropyl acetate. 

Extraction of 5.00 cc. with 5.00 ce. concentrated CP HCl, separation and evaporation of 
the heptane layer left 1.4 itir. (1%). 

Extraction of 5.00 cc. with 10.00 cc. of 0.07 X NaOH, separation and evaporation of the 
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heptane layer left 1.5 mg. Assay of the alkaline aqueous extract showed 4 TBU, 70 E. coli 
XJ. and 70 SU per mg. cf solute calculated by difference as free acid(s). (Yield from culture: 
SO ± 15%.) A 1.00 cc. portion of this alkaline aqueous solution was diluted with 2.0 cc. 
of 0.1 N NaOH, the test tube corked tightly and heated in a bath of boiling water for 30 
minutes, cooled, and the contents diluted with distilled water for assays. The activity 
against the three micro-organisms was apparently not different from that of the unheated 
solution. 


TABLE 1 


Antibiotic activity of “crude acids in heptane ” 



DILUTION UNITS PER MC. 

In Difco nutrient broth 



Pe. aeruginosa 

Pr. vulgaris B* 

Past, peslis 

Kleb. pneumoniae 

Pr. vulgaris H* 

B. aerogenes D* 

B. proteus OX 19 

B. anlhracis 

V. cholerae 

E. typhosa * 

St. aureus 

St. albus 

S. paratyphi A 

B. sublilis 

S. paratyphi B 

C. diphtherias gravis 

S. dysenteriae 

Br. suis 

Sir. hemolylicus 

S. paradysenteriae . . . 


<lt 

5 

15 

20 

20 

40 

50 

SO 

55 

60 

70 

SO 

80 

90 

90 

100 

150 

160 

170 

600 


In Difco nutrient broth + 2% blood 



10 


<5 


25 




* These organisms were isolated from patients at Vanderbilt University Hospital, 
t Considerable inhibition of growth at 1 mg./cc. 


This aqueous solution of the salts of the crude acids has been tested against bacteria in 
Difco nutrient broth. The results are shown in table 1. When similar dilutions were 
made in spinal fluid (dog) as a culture medium the activity against S. aureus and E. coli 
was the same as in nutrient broth. When plasma, laked defibrinated blood, or serum 
(rabbit) was used, the activity against these organisms was greatly reduced. 

A solution of the crude acids containing 0.25 mg./cc. as sodium salts gave our standard 
zone of inhibition 1 against M. tuberculosis (R. C. A.) and the activity was of the same 
order of magnitude against the following acid-fast organisms (American Type Culture 
Collection numbers in brackets): M. phlei (355), it/, leprae (4243), A/. smegmalis (101), 
Af. chelonei (114), A/, berolinensis (20), and A/, avium (7992). All showed up well within 
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48 hours on nutrient agar + 2% glycerine. Similar activity was shown against a species of 

Purification of the crude acids has been carried out with partial success by fractional 
crystallizations and by fractional extractions, and by a combination of these methods. 
Many experiments indicate that the mixture contains two or more very closely related 

substances which appear to have very similar antibiotic properties. 

Fractional crystallizations were carried out with the aid of centrifugal filters (figure 1). 
When 6,4 grams of the crude was recrystallized from 5.0 cc. of acetone, 4.8 grams, m.p. 



These filtering assemblies are somewhat different from those described by Moore and 
Stein (21) and by Craig and Post (22). They have these advantages: the bottles A and C (A' 
and C') are interchangeable; the male grinding D is of standard taper: several “porosities” 
can be had with the same filter body B' by regrinding commercial ST joints on a cast iron 
standard taper tool with carborundum of desired sizes — say 150 to 100 mesh. The lengths 
of the grindings D can be adjusted by cutting off and grinding down the commercial joints 
as far aa desired. A 5 mm. length ground with 150 mesh carborundum gives a filtration 
rate of 1-2 cc. per minute of distilled water at about 1000 r.p.m. The assemblies fit in the 
100 cc. brass cups in the No. 2 International Centrifuge. B is a Coming F filter. For 
speeds above 1000 r.p.m. a rubber collar may be put between A and B. A'B'C'D may not 
withstand speeds much greater than this. A tiny vent should be punched in the neck of 
each of the bottles A and C. 

03-05° was obtained; two recrystallizations in succession from 3 cc. portions of methanol 
gave 2.0 grams, m.p. 06.5-93°; from 2.5 cc. acetone this yielded 2.5 grams of light yellow 
crystals, m.p. 97.5-9S\ This had («1 D + 10.8 (c = 4 in 95% ethanol); %N 10.76 (micro 
Kjcldahl). It had 100 rt 15 SU and E. coli U. per mg. This fraction was not pure because 
further recrystallizations resulted in a gradual rise of the melting point. Systematic 
rerrystnllization ol the crude has led to a small amount of material of m.p. 118-121°. 
Most of the intermediate fractions comprising about half the total weight of the crude, 
taken at the start, have m.p. between 0S° and I0S°. 

The fraction of m.p. 118-121° was titrated olectrometrieally with aqueous XaOH and 
found toliavc a neutralization equivalent of 230 and apparent ionization constant of pK'5.5, 
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This high melting fraction has not yet been rigorously tested for homogeneity. Its 
properties indicate that it could be (largely) an isomer of the fraction of m.p. 96.5-97.5 to be 
described later in this paper. 

Systematic multiple fractional extractions (16). The first experiments in which this 
method was used were made with crude acids extracted from the culture fluid noth benzene, 
and partly purified as described for the heptane-extracted material leading to the “crude 
acids in heptane”. A solution containing 3000 mg. of Bolute in 105 cc. of heptane (activity 
per mg. : 4 TBU, 80 SU, 80 E. coli U.) was extracted in succession with six 2000 cc. portions 
of 2% aqueous NaCl solution. The aqueous salt solutions w-ere then extracted in order and 
in succession with three 100 cc. portions of fresh heptane. The distributions of mg. of 
solute and of units per mg. against M. tuberculosis, S. aureus and E. coli were: 

Heptane I,, 375, 4, 70, 70 
Heptane II t) 545, 5, 90, 90- 
Heptane Hit, 404, 4.5, 90, 90 
Heptane IVc, 290, 4, 90, 90 

Most water fractions contained very little or no activity, but the fraction “W IV*” was 
unique, having 12 SU and 12 E. coli U. and about 0.5 TBU per cc. When this water solution 
was extracted with 1 liter of heptane, and this distilled to small volume, there was obtained 
300 mg. of crystalline material. At the end of the distillation the residue was inadvertently 
superheated and assays showed only 2.0 TBU/mg. remaining — a loss of about 50% from 
the activity of “W IV«"*. The only great difference between the heptane fractions was in 
the appearance of the crystalline residues: H I t was rich yellow and oily; H II 4 was light 
yellow and “waxy”; H II I « was very light yellow and beautifully crystalline; H IVj was 
yellow and crystalline but somewhat “waxy". 

The fraction H III« was recrystallized as follows: Some 83% of the heptane sclution 
(containing 333 mg. of solute) was distilled to a volume of 5.0 cc. and transferred quantita- 
tively to a centrifugal filtration tube with the aid of 1.0 cc. of fresh heptane. After seeding 
and standing overnight at 5° the crystals were filtered in the centrifuge and allowed todry 
to constant weight in air; net: 222 mg , m.p. 95-6°. Recrystallization from 1.1 cc. of abso- 
lute methanol at 5° and quick washing in the centrifugal filter with 0.5 cc. cold CHjOH gave 
103 mg. bright yellow, massive prisms, m.p. 96.3-97.3°. A second crop of about 20 mg. was 
combined with this and recrystallized again from 0.8 cc. of methanol, yield 9S mg., m.p. 
96.6-97.7°. This was recrystallized from 2 cc. of redistilled heptane to give 95 mg., m.p. 
96.5-97.5°. This apparently pure substance was compared with a sample of aspergillic acid 
kindly supplied by Dr. J. D. Dutcher of the Squibb Institute for Medical Research. Under 
our conditions 7 the aspergillic acid had m.p. 93.5-96.0 (softens 92.5) and a finely ground, 
approximately 1 :1 mixture with the compound of m.p. 96.5-97.5° melted 94.5-96.5°. 

When the substance of m.p. 96 5-97.5° was titrated electrometrically with alkali the 
neutralization equivalent was 230 (9.88 mg. in 0.5 cc. CHjOH + 10 cc. distilled water, boiled 
and cooled, required 0.S50 cc. of 0.0502 N NaOH) and the point of half neutralization gave 
pK' 5.5 (ca. 25°). Both of these values are in close agreement with those published for 
aspergillic acid (Dutcher and Wintersteiner). 

« This “water-soluble”, relatively unstable fraction was not found in the heptane- 
extracted material fractionated later. Possibly distillation of the heptane extract (90- 
100°C.) caused greater loss of relatively unstable fractions than distillation of the benzene 
extract (S0°C.). Concentration of the crude acids by extraction will be investigated, in 
order to recover the unstable active substance (s). Solubility studies on crystalline 
material, made after this manuscript was submitted have shown that treatment with 
boiling heptane causes an increase in solubility! 

7 All melting points reported in this paper are °C. corr., and were taken in open capillary 
tubes (the lime glass tubing from which these were drawn was acid-washed) in an electrically 
heated, well stirred oil bath, rate of heating 1.0 to 0.5° per minute. 
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Aspergillic acid (Du teller) was found to have antibiotic activity of 4 ± 1 
TBU, 70 ± 10 SU and 70 ± 10 E. coli U. per mg. The substance of m.p. 
96.5-97.5° had 4 ± 1 TBU, 100 ± 10 SU and 100 ± 10 E. coli U. per mg. The 
addition of 0.1 cc. of defibrinated blood (rabbit) to each 5 cc. portion of broth 
and retesting resulted in a greatly reduced activity (about 75%) for both 
substances. 

We are not yet sure whether the small differences between these two specimens 
should be attributed to slight differences in structure or to a difference in purity. 
It is perhaps important to note that melting points of mixtures of aspergillic 
acid (Dutcher) and our higher melting fractions (for example, 109-111° and 
112-115°) always lie between the melting points of the components. 

The material of m.p. 96.5-97.5 will be more rigorously tested for homogeneity. 
The preceding systematic multiple fractional extraction procedure has been 
carried to a more advanced stage with a 230 cc. portion of the “crude acids in 
heptane” (27.3 mg./cc.) which was concentrated first to a volume of 105 cc. 
This solution (60 mg./cc.) was extracted in succession with twelve 2000 cc. 
portions of 2% salt solution. The aqueous solutions were extracted in order 
and in succession with eleven 100 cc. portions of fresh heptane. (All the water 
fractions had pH values 4.2-4.6). Assays showed that all water fractions had 
practically no antibiotic activity. The distribution of solute and of antibiotic 
activity in the twelve heptanes is shown in figure 2. 

In order to demonstrate whether the small differences shown in the SU/mg. 
and E. coli U./mg. were significant, the final assays were carried out so that ten 
tubes were used at each of two dilutions, 10-15% above and 10-15% below 
the approximate median growth point. In these groups of 10, there were always 
8-10 tubes free of visible growth at the lower dilution and 8-10 tubes showing 
unmistakcable growth at the higher dilution. The error of the estimated 
median end-point is thus not greater than about ±10%. (All of our dilution 
assays (16) are estimates of the point at which half the tubes show growth in 
24 hours and could well be expressed as SU/50.) 

The fractions H IIIj* — H Villi* inclusive represent antibiotic material which 
could be very largely one substance. It seems likely that this will turn out to be 
the substance described above, of m.p. 96.5-97.5°. Application of crystalliza- 
tion procedures is being made to isolate this substance, and its homogeneity 
will be tested by further application of the fractional extraction method. 

The fractions H I i: , II IIu, and particularly H IXu — H XIIu, show activity 
slightly different from the intermediate fractions. It was found that some six 
weeks after completion cf a first scries of assays, H Ii» had lost over 50% and 
II Hi* over 25% of the earlier activity while all other fractions had remained 
constant (all were stored at room temperature in pyrex glass stoppered bottles — 
stoppers wet with glycerine to prevent evaporation). The curves suggest that 
in the crude at least two, possibly three, substances are responsible in different 
degree for the antibiotic activity against S. aureus and E. coli. 

Tims the fractionation apparently separated (in II I,.) a less stable antibiotic 
substance different from the material in II III,* and subsequent fractions and 
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also different from the fraction W IY< obtained in the previously described 
fractionation. It is, however, just possible that some other substance in H In 
and H IIj* caused the instability of an antibiotic substance identical with that 
in other fractions. For example, H In was quite yellow, H Hn moderately 
yellow, the others only faintly yellow. 

The amounts of H In and H Iln are such that had the original crude mixture 
been very carefully tested for loss of activity on standing, the assays could not 
have detected the loss. 



Fio. 2. Fractionation ev Multiple Extraction 

These curves represent the distribution in the twelve heptane fractions (see experi- 
mental) of the partially purified material called "crude acids in heptane", after the per- 
formance of systematic multiple fractional extractions with aqueous salt solutions. The 
numbers of the heptane fractions 1, 2, and so forth correspond to the symbols In, lie, and 
so forth, used in the text (where the subscripts denote the number of extractions through 
which the solution has passed). 

The dotted lines show the fall in activity after the solutions stood at room temperature in 
diffuse daylight for about six weeks. 

It is hoped that further investigation of these fractionation procedures will 
lead to the isolation in pure form of the several fractions indicated to be present. 

Studies in mice. The crude acids were extracted from the heptane with a 
slight excess of 0.1 X XaOH. When this aqueous solution (10 mg. crude 
acids/cc.) was injected intraperitoneally into mice, no symptoms were produced 
by a dose of SO mg./kg.; 100 mg. /kg. killed most of the mice within an hour, 
with convulsions and symptoms of respirator)' paralysis. (These doses and 
symptoms are comparable to the data given by White and Hill). To test the 
rate at which the drug(s) were inactivated or excreted, the dose of 50 mg./kg. 
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was given repetitively: eight such doses repeated at 1 hour intervals produced 
no symptoms in any of 10 mice; when repeated at 5 hour intervals a similar 
result was obtained; at 15 minute intervals 3 mice were killed by, and 4 survived, 
8 doses. 

These results indicate that if the antibiotic substances are active in vivo, 
administration will have to be frequent or continuous in order to protect the 
animals from an experimental infection. (It is possible, however, that the 
toxicity and antibiotic activity are due in different degree to different com- 
ponents of this impure material.) 

Studies in dogs. In order to prepare an approximately isotonic solution at 
pH 7.4, the “crude acids in heptane” were extracted with 0.66 the equivalent 
amount of 0.15 N NaOH. This aqueous solution contained 33 mg. crude acids 
per cc. Careful assays showed no significant difference from the antibiotic 
activity obtained when the pH of the aqueous extract was 10-1 1 . 

A dog (15 kg.) was given 10 mg./kg. intravenously during half a minute. 
As no symptoms were seen an additional 20 mg./kg. were given J hour later, 
injected during 45 seconds. Respiration was stopped and the animal was 
anesthetized, but after a minute breathing commenced and reflexes began to 
return, and within 3-5 minutes the animal appeared normal. No further 
symptoms were observed. Samples of blood and spinal fluid were taken 15 
minutes after the injection; assays showed no antibiotic activity in either; that is, 
less than 0.3 TBU/cc. The dog was kept in a metabolism cage for collection of 
urine. For over 48 hours no urine was passed. Shortly after this time 1710 cc. 
was voided. Direct assay of a sample of this showed very little antibiotic 
activity. The whole batch of urine was acidified to pH 3.2 and extracted with 
200 cc.of heptane. Evaporation of 5 cc. of this extract left 1.4 mg. of relatively 
nonvolatile residue, a yellow oily material. Extraction of 5 cc. of the heptane 
solution with 5 cc. of .05 N NaOH left in the heptane 1.1 mg. of solute. The 
aqueous alkaline solution (total organic solute about 0.3 mg.) contained 25 E. 
coli U. and 50 SU. This represented in the total extract of the urine the equiva- 
lent of roughly 0.3% of the antibiotic injected into the dog. 

The isotonic solution of pH 7.4 was administered intracistcmally to several 
dogs’. A dose of 33 mg. (1 cc.) in a dog of 8 kg. caused convulsions and death 
within 20 minutes. Sixteen mg. in another animal of the same size caused no 
symptoms. The cell count of the spinal fluid was raised only moderately during 
the next few hours. A sample of spinal fluid taken 30 minutes after the injection 
(from the site of the injection) showed an activity of 1 TBU/cc. After an hour 
no activity was detected in the spinal fluid. 


SUMMARY 


A mold identified as a strain of Aspergillus Jlavus Link has been isolated and 
when grown oil a peptone-lactose medium has been found to produce a culture 
fluid which inhibits M. tuberculosis, S. aureus, and E. coli in vitro. 


•We wish to tliiwk Mr. K. II. Smith, working in 
makiup the** 0 ppinul fluid bUuUch. 


Dr. Cobb Pilcher’s laboratory, for 
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Antibiotic material has been extracted from this culture fluid at low pH by 
organic solvents (benzene or heptane). 

This extract yields a mixture of organic acids which has antibiotic activity 
in vitro against a wide variety of both gram negative and gram positive bacteria, 
and against a number of acid-fast organisms. Activity is also shown against a 
strain of monilia. The properties of the crude antibiotic material are very similar 
to those described for aspergillic acid. 

Fractionation procedures involving multiple extractions and recrystallizations 
have led to the isolation of an apparently pure aspergillic acid-like substance, 
m.p. 96.5-97.5° corr., in 5% yield, and a fraction m.p. 118-121° having about 
75% the antibiotic activity, the same neutralization equivalent (230) and pK 
(5.5) as the substance of m.p. 96.5-97.5. 

There is good evidence that at least one other somewhat less stable antibiotic 
substance is present in the crude mixture. 

All these fractions seem to have a similar antibiotic activity against S. aureus, 
E. coli and M. tuberculosis, and the addition of blood to the medium greatly 
reduces this activity. The activity is not reduced by spinal fluid. 

Studies on impure material have shown that the toxic effects and the antibi- 
otic activity disappear rapidly after systemic or intrathecal administration 
(mice, dogs) and that antibiotic material is excreted in urine (dog) in very small 
amount. 


REFERENCES 

1. Vaudremer, A.: Compt. Rend. Soc Biol., 73: 501, 1912 

2. Ibid.: 74:278, 1913. 

3. Soltys, M. A.: Nature, 1B4: 550, 1944. 

4. Asheshov, I. N., and Frieda Strelitz: Science, 101: 119, 1945. 

5. Waksman, Selman A , and W. B. Geiger: J. Bact., 47: 391-7, 1944. 

6. Miller, D. K., and Albert C. Rebate : Science, 100: 172, 1944. 

7. Waksman, Selman A., and H. Boyd Woodruff: Proc. Soc. Exper. Biol. & Med., 

49: 207, 1942. 

S. Schatz, Albert, Elizabeth Bugie and Selman A. Waksman: Proc. Soc. Exper. Biol. 
& Med., 55: 66, 1944. 

9. Feldman, W.H., and H. C. Hinshaw- Proc. Staff Meetings, Mayo Clinic, 19: 593,1944. 

10. Avery, R. C , and Stanley L. Leland ■ J. Exper. Med., 45: 1003, 1927 

11. White, Edwin C.: Science, 92: 127, 1940. 

12. White, Edwin C., and Justina H. Hill. J. Bact., 45:433, 1943. 

13. Jones, Helen, Geoffrey Rake, and Dorothy M. Hamre: J. Bact., 45: 461, 1943. 

14. Menzel, Arthur E , O. Wintersteiner and Geoffrey Rake: J. Bact., 46: 109, 1943. 

15. Dutcher, J. D., and O. Wintersteiner: J. Biol. Chem., 155: 359, 1944. 

16. Bush, M. T,, A. Goth, and H. L. Dickison: This Journal, in press. 

17. Foster, J.W., and H. Boyd Woodruff: J. Bact., 47:43, 1944. 

IS. Schmidt, W. H., and A J. Moyer: J. Bact., 47: 199, 1944. 

19. Bush, M. T., and A. Goth: This Journal, 78: 164, 1943. 

20. Bush, M.T., and A. Goth: Ind. & Eng. Chem., Anal. Ed ,16:528,1944. 

21. Moore, Stanford, and William H. Stein: J. Biol. Chem., 160: 113, 1943. 

22. Craig, Lyman C., and Otto W. Post: Ind. Eng. Chem., Anal. Ed., 16: 413, 1944. 

23 . Schatz, Albert, and Selman A Waksman: Proc. Soc, Exper. Biol. <£ Med., 67 : 244, 

1944. 



SULFONAMIDES FOR BACILLARY DYSENTERY 

I. The Antibacterial Activity of Sulfacahboxythiazoles and 
Sulfathiadiazole 

H. J. WHITE, P. H. BELL, J. F. BONE, J. C. DEMPSEY and M. E. LEE 

Chemotherapy Division, Stamford Research Laboratories of the American Cyanamid Company , 

Stamford, Connecticut 

Received for publication August 6, 1945 

Since a rational approach to the chemotherapeutic control of intestinal infec- 
tions was established through the introduction of sulfaguanidine by Marshall in 
1940 (1), this drug and others with similar properties have been used with con- 
siderable success in the treatment of bacillary dysentery. 

The basic idea at present is to use active drugs, highly soluble at intestinal 
pH’s, but absorbed and excreted in such a manner as to maintain high concentra- 
tions in the intestinal contents and low concentrations in the blood. If the blood 
level remains low because of a very rapid rate of excretion, then, in order to avoid 
kidney complications, a high urine solubility is also necessary. 

In a search for new chemotherapeutic drugs which may have more of the de- 
sirable properties outlined above, we have turned our attention to some of the 
more acidic sulfonamides. Increased acidity greatly increases the limiting solu- 
bilities of these compounds in the intestinal and urinary tracts. Furthermore, 
oral dosage with this type of compound does not result in high blood levels. 
This may possibly be due either to low permeability of the intestinal mucosa to 
the ionic form of the drugs, or to a rapid rate of excretion in the urine, or both 
( 2 ). 

In this connection we have investigated 2-sulfanilamido-l,3,4-thiadiazole 
(sulfathiadiazole), 2-sulfanilamido-5-carboxythiazole (sulfacarboxythiazole), 2- 
sulianilamido-4-methyl-5-carboxythiazo]c and 2-sulfanilamido-4-carboxythia- 
zolc. Data will be presented to show that sulfacarboxythiazole and 2-sulfanil- 
amido-4-methyl-5-carboxythiazole owe their activities to decarboxylation to 
sulfathiazole and to 2-sulfanilamido-4-methylthiazole, respectively. Because of 
the ease with which decarboxylation of the methyl compound occurred and 
because of the possibility of toxic reactions from the sulfamethylthiazole derived 
from it (3), this compound was not considered further. The 2-sulfanilamido-4- 
carboxythiazole did not decarboxylate and had only a slight degree of anti- 
bacterial activity. Of the four compounds mentioned above, only sulfathiadia- 
zolc (which appeared to be chemically stable) and sulfacarboxythiazole (which 
appeared to decompose to sulfathiazole) had characteristics warranting further 
study with respect to possible usefulness in the treatment of intestinal infec- 
tions. 

The synthesis and physical properties of sulfathiadiazole (4, 5) 2-sulfanHamido- 
4-mcthyl-5-carbo\vthiazole (0) and 2-sulfnnilamido-4-carboxythiazole (7) have 
been reported. Sulfacarboxythiazole was synthesized in this laboratory by H. 
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W. Marson, The material melted with decomposition at 209-210°C. This 
decomposition point depends somewhat on the rate of heating. The in vitro 
activity of sulfathiadiazole has been reported to be about equal to that of sulfanil- 
amide (4, 5, 8). A recent preliminary clinical study has indicated that sulfa- 
carboxythiazole may be of use in the treatment of enteric infections (9). 

The results of a study of the comparative antibacterial activity of sulfathiadi- 
azole and sulfacarboxythiazole, together with sulfathiazole, sulfadiazine, sulfa- 
guanidine and sulfathalidine (N 4 -phthalysulfathiazoIe) are given in the present 
paper. Experimental studies on the absorption, excretion, conjugation and 
toxicity of sulfathiadiazole and sulfacarboxythiazole will be reported elsewhere. 

Experimental. Buffer solubilities: Buffers consisting of 0.05 M phosphate 
plus 0.025 M citrate and covering the physiological range of urinary and in- 
testinal pH, were saturated with the compound in question by stirring 24 hours 
at37°C. The excess solid was filtered off at 37°C.;final pH was measured;and 
determinations of the dissolved compound were made by the Bratton and 
Marshall method (10). The results obtained with some of the sulfonamides 
which have been used in bacillary dysentery, along with sulfacarboxythiazole and 
sulfathiadiazole, are given in fig. 1. The sulfadiazine values are those of Gilligan 
and Plummer (11). With respect to fig. 1, it should be remembered that this 
solubility scale cannot be extrapolated due to the fact that it is logarithmic. 
The curves as drawn cover the pH range actually measured. The results for 
sulfacarboxythiazole include any' sulfathiazole which might have been formed 
during the 24 hour stirring period. However, as will be shown in the next section, 
this - would be only a very small amount of sulfathiazole. 

Chemical stability of the carboxylhiazoles: Early in the course of investigating the 
carboxythiazoles, several observations seemed to indicate that sulfacarboxythi- 
azole and 2-sulfanilamido-4-methyl-5-carboxytbiazole were undergoing decom- 
position. When solutions of these compounds were autoclaved, a decrease m 
solubility occurred. Also, titration 'with alkali and acid indicated that a change 
was taking place in solution which increased titratable acid in the carbonate pH 
range. 

In order to ascertain whether'sterilization of bacteriostatic test solutions by 
autoclaving resulted in decomposition of the compounds, the following com- 
parison was made. A portion of a solution sterilized by r Seitz filtration was 
autoclaved and then titrated for bacteriostatic activity' along with the original 
filtered solution. The results given in table 1 clearly indicate that autoclaving 
increased the activity of solutions of the two above-mentioned compounds. 

In another experiment, more concentrated solutions of the three carboxythi- 
azoles, prepared in 1.0 M phosphate buffer at pH 7.0, were autoclaved and incu- 
bated at 37°C. for 72 hours. During this period crystals separated from the 
sulfacarboxythiazole and 2-sulfanilamido-4-methyl-5-carboxythiazole solutions. 
These solids were identified by melting points, mixed melting points, chemical 
analysis and ultraviolet spectral curves, ns sulfathiazole and sulfamethylthiazole, 
respectively. There was no evidence of any decarboxylation of 2-sulfaniIamido- 
4-carboxythiazole under these conditions. With respect to the methyl com- 




pH OF SOLUTION 

Fjg. X. Solubilities of Solfanilamides cf Buffbbs 
Phosphate (0 05 Mi and citrate (0 025 M) at 37'C. pH values are those of saturated so- 
lutions. Data for sulfadiazine (Gilligan and Plummer) in 0.066 M phosphate (11). 

TABLE 1 


The effect of autoclaung on the bacteriostatic activities of solutions of the sulfalhi avoirs 


covrousn 

»ACtX*JOSTVnC COVC. XS KC5C. % 

Autoclaved | 

Filtered 

24 hrs 

45 B» 

24 hrs 

4S br». 

2'S*Thmiolc (SuUatbmTolc) 

2-S-5-Cnrbo\j ihiarale (Sulfatarbotythiazolc) 

2 S*d Mclb> llhirvxok 

2-S-4 Mnhj l-5-ctirbo\> thiajrc,l c 
2-^*'t‘Cnrboxythiaio’to 

1/64 

1/S 

1/32 

1/16 

4 

1/32 

1/4 

1/16 

1/S 

8 

1/61 

1 

1 

■ 

g jsuHjvmlfttmdo Rroup. 

Ti*l medium McLeod’s Synthetic (12) buffered at pH 7.2. 

Inoculum cnfi, about Isxi bacteria per ml. 

Incubnticm nt 3T 9 C 


210 
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pound, our result s confirm those of Jensen and Thorsteinsson (6) . These qualita- 
tive results indicated that possibly all of the activity of the carboxythiazoles 
tested in table 1 might be due to the corresponding sulfathiazole being present 
as an impurity, or being released during the experiment. 

Quantitative estimates of the amount of this breakdown were based upon 
ultraviolet absorption curves obtained with a Beckman spectrophotometer using 
3.74 X 10 -5 M solutions of the compounds in 0.05 M phosphate buffer at pH 7.0. 
The results obtained before and after autoclaving and incubating are given in 



WAVELENGTH IN m ji 

Fig. 2. Ultraviolet Absorption Curves of Sulfacarboxythiazole and 
Sulfathiazole 

3 74 X 10 ~* M solutions in 0 05 M phosphate buffer at pH = 7 0 Curve I, sulfacarboxy- 
thiazole before autoclaving; Curve 2, solution of Curve 1 after autoclaving and 72 -hour 
incubation at 37°C.; Curve 3, sulfathiazole before and after similar autoclaving and incu- 
bation treatment. 

figs. 2 and 3. From a study of mixtures of the proper compounds it was possible 
to show that the position of the peak, associated with the thiazole portion of the 
molecule, (wavelength 300-280 m p), could be related quantitatively with the 
percentages of the compounds in the solution being measured. On the basis of 
such calibration curves, it was estimated that 12.0 ± 2.5% of the sulfacarboxytbi- 
azole decomposed to sulfathiazole and that 100% decarboxylation of the 2- 
sulfanilamido-4-methyl-5-carboxythiazole occurred. By use of the same method 
of analysis, the rates of breakdown of the two compounds, at pH 7.0 and 37 °C., 
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were determined. Both appeared to decompose according to a first order rate 
law: 

/■ = l 0 g Q . , where k = reaction rate constant 
* ^ C 0 = initial concentration 

C = concentration at time, t. 



WAVELENGTH IN mfi 

Via. 3. \jvraj.viorxT Absorption Curves ot tt-SvLTA-siLAMirio^-ylETHyi,- 
5-CARDOXVnnAZOI.E AND 2-SVLf , ANILAJIlDO-4-METUYLTHIAZOEE 
3.74 X JO~*M solutions in 0.05M phosphate buffer at pH = 7.0, Curvel,2-sulfanila- 
mido-4-mcthyl-5-carbavythiazole before autoclaving; Curve 2, solution of Curve 1 after 
autoclaving and 72-hour incubation at 37°C. This curve is identical with that obtained 
for 2-sutfamlamido-4-aacthyUhiazole before and after autoclaving. 

The rate constants, with t in hours, and corresponding half-lives were as follows: 
sulfncnrboxythinzole, k ~ 0.35 X 10~ 4 hr.- 1 , t ri = 1090 hrs.; 2-sulfanilGmido- 
•i-methyl-S-carboxythiazole, k - G.G5 X 10' 5 hr.->, t, /: - 104 hrs. 

In the light of these decomposition rates and the results in tabic 1, it is at once 
obvious that it is not necessary to assume any activity due to the carboxy forms 
of sulfacnrboxythiazole and the sulfamethylcarboxythiazole. Also, the presence 
of sulfatbtazolc as an impurity to the extent of only 0.4% would account for the 
observed activity of 2-sulfanilamido-4-carboxythiazole. 

On the basis of acid strengths of the amide hydrogen (second acid constant) 
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the carboxy forms of these compounds should be veiy active (13). pK.’s ob- 
tained by alkali titration and not corrected for dilution were: sulfaearboxythi- 
azole, pK a (l) = 3.4, pK„(2) = 7.0; 2-sulfanilamido-4-methyl-5-carboxythiazole, 
pK»(l) = 3.4, pK a (2) = 7.7; and 2-sulfanilamido-4-carboxythiazole, pK a (l) 
= 3.3, pK a (2) = G.9. However, at thepH of the bacteriostatic tests (7.2), the 
carboxyls of all of these compounds are better than 99 per cent ionic. If 
one assumes that such ionic forms do not penetrate bacteria (14, 15) then it is 
not surprising that the carboxy compounds, as such, were found to be relatively 
inactive. 

Blood concentrations m mice 1 : Comparative blood concentration-time values 
following a single oral dose of 0.5 grams per kgm. in mice are given in table 2. 
Sulfacarboxythiazole blood levels were very low as was the case with 
sulfatlialidine. Sulfathiadiazole blood levels were somewhat higher than those 

TABLE 2 


Drug concentrations in blood of mice after a single oral dose of 0 5 gm./kgm in 10% 

acacia solution 


COMPOUND 

DRUG CONCENTRATION IN BLOOD AT HOUR 

i 

2 

4 

s 

24 


mgm % 

mgm % 

mgm % 

mgm. % 

ngn. ft 

Sulfathiazole 


7 4 

4.6 

4.6 

0.4 

Sulfadiazine 

18 9 

20.0 

IS. 9 

10 3 


Sulfathiadiazole 

6.1 

2 8 

2.0 

1.2 

0.7 

Sulfaguanidine 

2 6 

1 7 


0 


Carboxythiazole 

1.0 

0.5 


0.3 


Sulfathalidine 

0.7 

0.6 


0.3 

0.3 


Each determination (Bratton and Marshall method) was made as free drug on pooled 
tail blood samples from ten mice Alice were without food for IS hours prior to adminis- 
tration of drug. 


for sulfaguanidine, but appreciably lower than those obtained with sulfathiazole 
and sulfadiazine. The fact that sulfathiadiazole gave blood levels higher than 
those of sulfaguanidine was not considered to be necessarily disadvantageous with 
respect to usefulness in treating bacillar} - dysentery, as will be discussed later 
in this paper. 

Blood levels which were more or less constantly maintained in mice as a result 
of continual feeding on drug-diets for seven days are given in table 4. Under 
these conditions, the sulfacarboxythiazole and sulfatbalidine levels were again 
found to be very low, -while those of sulfathiadiazole and sulfaguanidine were 
higher, but not as high as the sulfathiazole and sulfadiazine values. 

Bacteriostatic activity: The dysentery strains used in this study were obtained 

1 We wish to thank Miss Dorothea Babbitt for assistance in determinations on blood 
concentration values. 
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through the courtesy of Dr. A. J. Weil of the Lederle Laboratories. The test 
procedure has previously been described in detail (16). The activity of each 
drug was titrated by making serial two-fold dilutions in 5 ml. volumes of Trypti- 
case-Soy Phosphate Broth (Baltimore Biological Laboratory) buffered at pH 
7.2. After autoclaving, each tube in each drug series and control tubes without 
drug were inoculated with 0.2 ml. of a 10 -5 broth dilution of a 22-hour broth test 
culture. The relative values in table 3 were confirmed in repeated comparisons. 

On the basis of bacteriostatic endpoints for all four drugs, the dysentery 
strains may be divided into a resistant group and a relatively susceptible group, 
with six strains in each group. In view of a clinical study (17) which indicated 
that Flexner varieties of Shigella paradyscnlcriae were more sensitive than Sonne 



varieties to sulfonamide treatment, it is of interest that, in our tests five of the 
six Flexner strains were relatively susceptible to one or more drugs, whereas each 
of the two Sonne strains were relatively resistant to all of the drugs. 

Under our test conditions, five strains were resistant to sulfnguanidine concen- 
trations approximating its highest solubility. Two of these strains were also 
resistant to the highest concentration of sulfadiazine which could be obtained at 
pH 7.2. Inhibition of the sulfaguanidine-msistant strains with high concentra- 
tions of the other drugs was readily accomplished by dissolving tbeir sodium salts 
in the test medium and adjusting the pH to 7.2. 

Against the sulfonamide-susceptible strains, sulfathiadiazolc was from four 
to eight times as active as sulfaguanidine. 

.-tn.'ieoti/or-r. activity in mice: Full details of the method used for this compari- 
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son have been given in a previous paper (18). In brief, mice (Canvorth CFCW 
strain) were arranged in groups which were equivalent with respect to fecal 
coliform counts on the basis of preliminary determinations. Each group was 
then treated with a different drug-diet. Each mouse in each group was kept in 
an individual cage and allowed to feed on drug-diet for seven daj's at which time 
final coliform counts were made. Coliform counts per unit volume of a standard 
stool suspension were determined by serial ten-fold dilutions in lactose broth 
incubated at 44°C. Drug activity was expressed as the difference between 
coliform counts at the beginning and at the end of drug-diet treatment. 

In table 4 the results for six drugs, together with the data on control animals, 
are summarized and listed in order of decreasing anticoliform activity. With 
each drug, it is evident that, on the average, the pre- and post-treatment coliform 


TABLE 4 

Sulfonamide activity against coliform bacteria in mice 



TER 

NUM- 

DAILY 

INTAKE 

DRUG CONCEN- 
TRATION' 

logarithmic conroRU count 

PER 9 CC. OF STOOL SUSPENSION 

DRUG 

IV 

DIET 

Or 

MICE 

Food 

Drug 

Blood 

Stool 

Be- 

fore 

treat- 

ment 

After 

treat- 

ment 

Reduction 

Sulfathiazole 

1.0 

63 

gf» 

4.4 

B H 
R1 

tnfm ] 
100 cc 

9.2 


6.5 

1.5 

5.1 ±0.3 

Sulfadiazine 

0.5 

17 

4.4 

Hi 

26.6 

910 

6.3 

1.8 

4.5 ±0.5 

Sulfathiadiazole . 

1.0 

66 

4.7 

2.4 

4.1 

5S0 

5.8 

1.5 

4.3 ±0.3 

Sulfaguanidine 

1.0 

63 

4.7 

2.4 

2.C 


5.7 

2.6 

3.1 ±0.4 

Sulfacarboxythiazoie 

1 0 

43 

4 6 

2.3 

1.1 

2300 

5.7 

2.7 


Sulfathalidine 

1 0 

25 

5 0 

2.5 

0.5 

1250 

5.4 

3.4 


Control Diet 


117 

4 6 




5.8 

5.7 



Figures above are mean values. Reductions in logarithmic counts are given with their 
standard errors. In each case, the mice were fed on drug-diet for seven days. Blood con- 
centrations were determined as free drug on the third day; stool concentrations of each 
drug were calculated on the basis of an average value of 0.275 grams of wet stool per 100 
cc. of standard stool suspension. 

counts diffeied significantly. It is also evident that each of the drugs produced, 
on the average, a reduction in coliform count which was significantly greater than 
the reduction which occurred in untreated mice. Thus, the anticoliform effect 
ranged from about a hundred-fold reduction with sulfathalidine to about a hun- 
dred thousand-fold reduction with sulfathiazole. On the basis of average reduc- 
tion in count, sulfathiazole, sulfadiazine and sulfathiadiazole were all more active 
than sulfaguanidine, sulfacarboxythiazoie and sulfathalidine. 

Discussion. One aspect of the bacillary d ysenterj' problem is concerned with 
the treatment of mild cases and the prevention of epidemic spread by eliminating 
pathogenic organisms from convalescents and carriers. In these individuals, the 
bacteria presumably reside chiefly in the lumen of the intestinal tract and the 
situation calls for an active drug which is highly soluble, but slowly absorbed 
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and rapidly excreted in the urine, in order to minimize toxic effects which might 
occur in the absence of strict medical supervision. 

Another part of the dysentery problem consists of treating cases, of varying 
severity, in which the pathogenic bacteria are probably not only in the lumen of 
the intestinal tract, but also in the lining tissue, often covered by a muco-purulent 
exudate. Under these conditions, optimal results should be achieved by treat- 
ment with a drug which is maintained in an effective concentration in the blood 
as well as in the intestinal contents. Thus, although a low concentration of drug 
in the blood has been emphasized as a required characteristic, it is quite possible 
that this has been over-emphasized and that, in many cases, better results would 
be obtained with a drug which is absorbed to a moderate extent (17), 
Sulfadiazine and sulfathiazole are examples of well absorbed drugs which have 
been used with a certain amount, of success for the treatment of bacillary dysen- 
tery (17, 19, 20, 21, 22). These drugs were highly active under our test condi- 
tions (tables 3 and 4). But they are absorbed and excreted in a manner which 
results in rather high concentrations in the blood (tables 2 and 4) and, further- 
more, they are soluble to a relatively low degree at intestinal and urinaiy pH’s 

(fig- 1)- 

N'-Succinylsuljathiazolc and N*-phlhalylsnlfathiazole ( stdfathalidine ) are exam- 
ples of i-cry poorly absorbed drugs which have been used for treating enteric 
infections (17, 22, 23, 24, 25). Apparently one of the drawbacks encountered 
with the succinyl compound is that it tends to be ineffective in the presence of a 
watery diarrhea (25). Sulfathalidine, as the sodium salt, is highly soluble at a 
pH of 7.0 (20). However, according to Poth (25), there is no tangible evidence 
to show that either succinyl- or phthalylsulfathiazole possesses antibacterial 
properties which are not entirely dependent upon the presence of sulfathiazole 
itself, presumably resulting from hydrolysis. This is in agreement with our 
results (18). Thus, in their inactive form these compounds ire highly soluble 
and very poorly absorbed ; and they appear to be effective by means of a slow 
breakdown to sulfathiazole. 

Sidfacarbozylhiazolc appears to be another type of compound which owes its 
activity to the release of an active component. It is highly soluble at pH’s 
which may be expected in the intestinal contents (fig. 1); it is poorly absorbed 
(9) ; and it presumably releases sulfathiazole at a rate and to an extent sufficient 
to produce an antibacterial effect about equal to that of sulfnguanidine (table 4). 

Sidfaguamdinc has been used with considerable success both therapeutically 
and prophylactically (17, 19, 23, 27, 28, 29, 30). It appears to have been a 
relatively safe drug for prophylactic use, due to the fairly low blood levels which 
result from large doses. But it is soluble to only a moderate degree (fig. 1) and 
it is not ns active as sulfathiazole or sulfadiazine (tables 3 and 4). 

Sulfathiadmzolc, on the basis of the comparative data obtained in the present 
investigation, appears to be n drug with interesting possibilities for use in bacillary 
dysentery. It is more active than sulfnguanidine both in vitro and in vivo (tables 
3 and 4); it. docs not appear to owe its activity to a decomposition product, as 
do sulfathalidine and sulfncarboxythiazolc; and, finally, it is highly soluble at 
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intestinal and urinary pH’s (fig. 1). Preliminary pharmacological studies (31) 
indicate that, following oral dosage, the absorption and excretion of the com- 
pound occurs in such a manner as to result in high concentrations in the intestinal 
contents, moderately low concentrations .in the blood and relatively high but, 
due to its solubility, probably safe concentrations in the urine. 

The final answer to the question as to which sulfanilamide derivative may be 
most useful in the treatment of bacillary dysentery can only be determined on 
the basis of carefully controlled clinical and field trials. In addition to this 
question, there remains the important problem of finding new drugs which will 
be effective against sulfonamide-resistant strains of Shigella. 

CONCLUSIONS 

1. Sulfacarboxythiazole (2-sulfanilamido-5-carboxythiazole) was about as 
active as sulfaguanidine against twelve dysentery strains in vitro and against 
coliform bacteria in mice. With respect to solubility, absorption and mode of 
action, sulfacarboxythiazole appeared to be similar to sulfathalidine (N J -phthalyl- 
sulfathiazole). 

2. Sulfamethylearboxythiazole (2-sulfanilamido-4-methyl-5-carboxythiazole) 
decarboxylates quite readily to sulfamethylthiazole. Consequently, further 
investigation of this compound, as a possible chemotherapeutic agent, does not 
appear to be warranted. 

3. 2-Sulfanilamido-4-carboxythiazolc does not decarboxylate readily but is 
relatively inactive. 

4. Sulfathiadiazole (2-sulfanilamido-l ,3,4-thiadiazole), when compared with 
sulfaguanidine, was found to be about ten times as soluble at pH 6.5; from four 
to eight times as active against dysentery strains in vitro; and more active against 
coliform bacteria in mice. These properties, together with preliminary data 
on its absorption in mice, indicate that sulfathiadiazole is, at present, one of the 
most promising compounds available for trial in the treatment and prophylaxis 
of bacillary dysentery. 
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In 1917 Lewis (1) studied the effect of a large number of dyes upon the tubercle 
bacillus and found acridine orange exhibited a high degree of inhibitoiy action. 
Smith (2) corroborated Lewis’ findings on acridine orange and showed that acn- 
flavine, proflavine and acridinium yellow possessed a high degree of inhibition. 
A preliminary report (3) by us has shown that atabrine and two acridine deriva- 
tives had a marked inhibitory effect upon the growth of seven species of acid-fast 
bacilli. Lawrence (4) investigated the effect of quinine, atabrine and some 
substituted acridine compounds on the gram negative bacilli in vitro and Camp- 
bell and Gilchrist (5) compared the anti-bacterial efficiency of atabrine, sulfa- 
pyridine and sulfanilamide against various pathogenic organisms, not including 
the mycobacteria. The present paper presents the results of further experiments 
using atabrine and fourteen acridine derivatives. 1 

The strains used were obtained from the American Type Culture Collection with the 
exception of one strain of H S7 from Trudeau Sanatorium and another isolated from a case 
of pulmonary tuberculosis in this hospital which, after frequent subculture, grew rapidly. 
Aqueous stock solutions of the various compounds were made by dissolving accurately 
weighed samples in distilled water and storing in Corning "low actinic”, glass stoppered 
bottles in the ice box. Sterile filtrates were obtained by using Corning UF sintered glass 
filters. It was noticed that a slight amount of color was retained by this filter after wash- 
ing. The Boerner metal filter was unsatisfactory for this purpose as the filter discs removed 
both the color and activity from atabrine. A 1 : 10000 dilution of atabrine showed no color 
after filtration and upon plate cup assay exhibited no activity, whereas the unfiltered 
solution had a very definite greenish color and upon assaying produced a zone of inhibition 
of greater than 30 mm. Two series of sterile plates were prepared using 20 cc. of Difco 
nutrient agar in one and the same amount of 2% glycerine agar in the other. Care was 
taken to pour the plates on a level surface so that the agar was the same depth throughout. 
These plates were inoculated with a 2 mm loopful from young cultures of the various 
strains. By means of a tantalum spatula the inoculum was spread as evenly as possible 
over the surface of the agar. The cup assay method (6, 7) was used for this study. Four 
sterile penicylinders were placed on each plate and duplicate assays were made. In many 
instances the tests were rechecked. Daily measurements of the zones of inhibition were 
recorded. The zone diameters of the fast growing strains reached a maximum usually at 
the end of 72 hours incubation at 35°C. Table 1 shows the inhibitor!' effect of atabrine and 
two acridine derivatives upon seven acid-fast species. 

It may be seen from table 1 that the glycerine agar plates have smaller zones 
of inhibition than the nutrient agar plates. Of the three acridine derivatives 

* This study was carried out in the Department of Pharmacology on funds contributed 
by the Mallmckrodt Chemical Works. 

1 These derivatives were obtained through the courtesy of Eli Lilly and Company. 
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atabrine appears to be the least active. Derivative No. 3 shows slightly greater 
inhibitory activity for M. phlei, M. berolinensis, and M. leprae. All three 
derivatives show approximately equal activity against M. tuberculosis , M. 
avium, and M. chelonei on nutrient agar but on the glycerine agar plates of 

TABLE 1 


Inhibitory effect of three acridine derivatives upon seven acid fast species 
Plate cup assay method 


OlCANISVt 

■ 






Drt.tmo.vs 






I 

1:10000 j 

1:20000 

1:40000 ] 

l:S0000 

1 

Drug no. 


Drug no.* 

Drug no 

« 

Drug no * 

6 ! 

1 | 

2 

6 ! 

1 | 

2 1 

6 1 

1 | 

2 

6 1 

'« 1 

2 

Zone diameter in mm. at 72 hra. 

Mycobacterium avium 

N 

>30 

B 

38 

30 

28 

30 

24 v 

21 

26 

19 p 

16 pl 

18 p 

7992 A.T.C.C. 

G 

15 

24 

13 

? 

20 

20 

0 

12 

18 


H 

12 

Mycobacterium phlei 

N 

25 

30 

i 

El 

m 

30 

15 

23 

27 

0 

i 

25 

355 A.T.C.C. 

G 

B 

1 

1 

Ij»S 

m 

25 

? 

19 

24 

0 

□ 

18 

Mycobacterium berolinensis 

N 

>30 

30 

>30 

o 

CO 

A 

29 

>30 

24 p 

28 

>30 




20 A.T.C.C. 

G 



23 

24 

26 

20 

21 

24 

!4> 

15 p 

22 




Mycobacterium chelonei 

K 

30 


m 


B 



24 

24 

18 

17 

rj 

114 A.T.C.C. 

G 

23 

a 

Km 


1 



18 

21 


13 

□ 

Mycobacterium smegma ti s 

N 



30 

26 

23 

24 

24 

22 

22 

14” 

m 

m 

101 A.T.C.C. 

G 


13 

30 

? 

24 

26 

0 

19 

23 

0 

1 

1 

Mycobacterium leprae 

N 

>30 

27 

IBS 

23 

25 

E 

16 p 

m 

27 

0 

16 

20 

4243 A.T.C.C. 

G 

27 

27 

22 

23 

24 

18 

16 

16 

16 

0 

0 

0 

Mycobacterium tuberculosis 

N 

>30 

27 

1 

30 

25 

27 

25 

24 

26 

16 

21 

21 

Human! 

G 

25 

25 

1 

21 

| 22j 24 

16 

IS 

21 

12» 

12 

14 


* Drug number 

C •» 2-Mcthoxv-G-ch!oro-9-(l Methyl -4 -diethyl nmino butyl) amino acridine hydro- 
chloride 


1 “ 2-Mcthoxy-G-chloro-9-(i-y-piperidylpropyl amino) acridine dihydrochloride 

2 *• 2-Methoxy-C-chloro-9-(3-diethylaminobutyl amino) acridine dihydrochloride 
t Isolated here from a case of pulmonary tuberculosis. 

N ** Mutrient ngar 
G “ 29c Glycerine nutrient ngar 

p «■ Partial inhibition refers to rones which arc definite but not completely clear 

atabrine at 1.40000 dilution M . avium, M . chclotici , and .If, srnerpnalts showed 
no inhibition, while the plates of .If. tuberculosis exhibited zones of 10 mm. 

After IS hours incubation of the nutrient agar plates inoculated with these 
various strains, smears were made and glycerine agar slants streaked from the 
cleared zones around the cylinders of the 1:5000 dilution of atabrine. In the 
same manner controls were made from the areas unexposed to the drug. At the 
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end of five days all of the subcultures were negative except for M. leprae which 
showed a few scattered colonies. All of the controls grew normally, the slants 
being almost completely covered. The stained smears made from the cleared 
areas showed a partial loss of acid fastness, fewer granules and the cells were two 
to eight times as long and slightly wider than those unexposed to the drug. 
The avian strain showed long branching filaments and M. berolinensis was the 
only preparation to show increased acid-fastness after exposure to atabrine. 

The sensitivity to atabrine of two slow growing strains, H 87 and M. boms, 
was estimated by inoculating 2% glycerine agar slants which contained graded 
dilutions. This method was employed as the agar plate cup assay technique 
proved unsatisfactory for slow growing strains. After inoculation the tops of 
the cotton plugs were flamed and pushed into the neck of the tube. The tube 
was then stoppered with a sterile one-holed rubber stopper. This prevents rapid 
drying and allows for gaseous exchange. Duplicate slants of the dilutions 
1:10, 1:20, 1:40 and 1:50 thousand were inoculated heavily with a 2 mm. 
loopful of a three weeks old luxuriantly growing culture. This was spread as 
evenly as possible over the surface. The inoculum was easily visible. Controls 
were also inoculated in the same manner. 

At the end of two and one-half months the 1 : 10000 tubes showed no growth for 
either the bovine or human strains. At dilution 1 :20000 three of four tubes of 
the human strain were negative; the fourth tube had only one small colon}'. 
All four tubes of the bovine strain showed scattered, poor growth at the end of a 
month. A transfer was made from one of these tubes and good growth occurred 
by the end of two and one-half months. Dilutions 1 : 40000 and 1 : 50000 showed 
good growth noticeably stained by the atabrine. The controls showed normal 
growth at the end of four weeks. The H 87 strain at dilution 1:40000 showed 
only two small colonies in each tube at the end of three and one-half months. 
The 1:50000 dilution showed scattered growth with small stained colonies at 
the end of this period v'hile the controls at the end of four weeks showed the 
usual heavy growth. 

A freshly isolated strain from the spinal fluid of a patient was also tested. 
At the end of three weeks the controls had grown luxuriously while the 1 :20000 
dilution showed only a few minute scattered colonies. 

The comparative activity of fifteen acridine derivatives upon the rapidly grow- 
ing strain of ilf. tuberculosis is summarized in table 2. The cup assay method 
was used. From table 2 it can be seen that drugs No. 1 and 2 exhibit approxi- 
mately equal activity on both the nutrient and 2% glycerine agar plates; 
numbers 3, 4, 5, and 0, in the order of their decreasing activity, show larger 
zones of inhibition on nutrient agar than on glycerine. Drugs No. 7, 11, 12, 
13 and 14 are relatively inactive on glycerine, with slight or no inhibition at 

1:20000 dilution, while No.8, 9, and 10 are relatively poor on both media, show- 
ing only partial inhibition on nutrient agar and none on glycerine agar at 1 :20000 
dilution. Of all of these compounds, No. 15 appears to be the most active on 
both media with No. 3 next in order. 

Subcultures were made from some of these plates by inoculating scrapings 
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from the zones of inhibition onto pairs of glycerine agar slants. Controls 
were made in a similar manner from the areas unexposed to the drug. The 
subcultures of the 1:40000 dilution area of No. 11 taken at the end of sixty-six 
hours showed no growth after five weeks of incubation. The 1:80000 area 
showed one colony. No. 5, tested in exactly the same manner, gave negative 
results on all slants except in the case of one slant from the 1:40000 dilution 
which developed a single colony. One of the glycerine agar slants from the 
1:40000 dilution of No. 14 incubated for two weeks was negative, the other 
showed one colony. The subcultures from 1 : 80000 dilution showed heavy 
growth. After 120 hours of incubation this plate gave sterile subcultures from 
the 1:80000 dilution. Subcultures made after 48 hours’ incubation of the 
plate with No. 15 drug showed heavy growth from the area of 1:80000 dilution 
while those from the 1:40000 area showed no growth after five weeks. The 
subcultures after five days incubation from another plate of 1:80000 and 
1:100,000 dilutions of this drug were sterile at the end of five weeks. The 
controls grew normally. Thus, it may be seen that the subcultures at 1:40000 
taken after 60 hours’ incubation showed no growth at the end of five weeks. In 
dilutions ns high as 1 : 80000, if the subcultures were taken at the end of 66 hours, 
growth occurred. However, if the plates were incubated 120 hours sterile 
subcultures were obtained. 

MacLeod’s and Mirick’s bacteriostatic studies on pneumococci (8) have 
described a technique whereby most of the sulfonnmide inhibitor contained in 
plain peptone broth may be removed by boiling the medium with charcoal at 
an acid reaction, and have also stated that the growth promoting properties 
of the broth are greatly improved by this process due to the simultaneous removal 
of substances which inhibit growth. It seemed of interest then to find out if the 
growth of acid fast organisms on nutrient broth or agar would bo affected when 
the medium was treated in this manner and if the inhibitory effect of atabrine 
would be altered. 

Nutrient broth and broth adsorbed by tho above method wero tubed and sterilized in 
6 cc. amounts. Atabrine was added to make a dilution of 1:25000. Tho tubes wore in- 
oculated with a 2 mm. loopful of grow th from young agar slant cultures of the following 
rapidly growing strains: Af. tuberculosis, Af. avium, Af. chclonci, Af . phlci, Af. berolinensis 
and Af. leprae. 

At the end of ■iS hours the controls grcn equally well in both the adsorbed and unadeorbod 
broths. The atabrine tubes of adsorbed and unadsorhed broth inoculated with the human, 
avian, and phlci cultures showed no growth at tho end of 25 days. Tbo tubes inoculated 
with Af. chclonci and M. berolinensis showed complote inhibition in the adsorbed broth 
whereas there was grow th in the bottom of tho tubes of nutrient broth, with M. berolinensis 
also forming a delicate pellicle. Af . leprae grew equally a ell in all the tubes. 

The effect of the adsorption of nutrient agar a ith and a ithout tho addition of 2% glycer- 
ine a ns next studied. Af. avium, Af. phlci, Af. berolinensis, Af. chclonci , Af. leprae, II S7, 
Af. bovis, and Af tuberculosis, the quickly growing strain, acre inoculated ns previously 
described onto slants of adsorbed and nonndsorbed nutrient and glycerine agar containing 
1:10000, 1:20000, 1:10000 dilutions of ntabrine. At the end of three necks Af. avium had 
groan only on the nonndsorbed glycerine agar at 1.20000. At 1:10000 dilution this strain 
showed no growth on the adsorbed glycerine agar slants but gren- well on the others. Af. 
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leprae grew at 1:10000 on the nonadsorbed glycerine agar and at dilution 1:20000 grew on 
both the adsorbed and nonadsorbed glycerine agar. ill. tuberculosis, the quickly growing 
strain, did not grow on the adsorbed media but showed growth at all dilutions on non- 
adsorbed glycerine agar and at 1:40000 on nonadsorbed nutrient agar. The H S7 strain 
did not grow on any of the slants at dilutions 1:10000 and 1:20000. At the higher dilution 
it grows on all the media. However, the growth on the adsorbed and nonadsorbed agar is 
better with glycerine than without it. .1/. bovis grew on both kinds of glycerine agar at 
1:20000 and all four types of media at 1:40000. The controls of the six quickly growing 
strains showed the usual-species growth on all of the slants, with possible slight differences 
in extent of growth. In the case of H $7 the glycerine agar slants, adsorbed and non- 
adsorbed (six tubes each) showed normal growth on all of the nonadsorbed slants at the 
end of a month, while three of the adsorbed slants were negative and the other three showed 
thin spreading growth. The slants without glycerine showed the same effect but to a 
lesser extent. il. ton's likewise showed good growth on the nonadsorbed but a thin veil- 
like dull type developed on the adsorbed media. Furthermore, it was found that the 
addition of sterile 20% human plasma to the agar plates did not alter the atabrine titer 
toward M. tuberculosis. 

The sensitivity to atabrine of these eight strains with the exception of iff. 
chdonci and M. bovis is less on nonadsorbed glycerine agar than on ant' of the 
other media. Without atabrine, H 37 and AT. bovis exhibited a glycerinophilic 
character, growing better on both the adsorbed and nonadsorbed glycerine agar 
slants. Adsorption of the media for all of these acid-fast organisms does not 
improve its growth promoting properties. 

An interesting phenomenon observed in these plate assays was the delayed 
appearance of the zones of inhibition with some derivatives. For example, 
the atabrine plates and those of 2-methoxy-6-chloro-9-(y-di-n-butyl-amino 
prop 3 'lnmino) acridine dihydroehloride show this phenomenon most strikingly. 
At the end of 24 hours the growth of ilf. tuberculosis covers the surface of the 
agar plate. After 48 hours the areas of growth are clearing around the peni- 
cylindcrs. In the next 24 hours the zones become clear and may increase in 
size, while the growth on the rest of the plate increases. In contrast, other 
derivatives, such as, 2-metho.\y-G-chloro-9-(y-N-pipcridylpropylamino) acridine 
dihydroehloride, 2-methoxy-6-chloro-9-(6-diethylaminobutylamino) acridine di- 
hvdrochloride and 3 -chloro-9-(4'-diethylamino-l '-methyl) butylaminoacridine 
dihydroehloride, show very clear zones at the end of 24 hours, increasing to a 
maximum at 4S to 72 hours. In both these instances the zones remain clear 
indefinitely. This suggests that some of the derivatives have a more immediate 
effect than others upon -If. tuberculosis. 

CONCLUSION'S 

These jn n'tro studies show that at least six of the acridine derivatives tested 
exhibit marked inhibition of .If. tuberculosis on both glycerine and nutrient agar. 
Of the many compounds showing antibacterial activity against .If. tuberculosis, 
atabrine perhaps has been more extensively investigated pharmacologically 
than any other. Its non-toxicity for humans is well established. As some of 
those other derivatives, notably 3-chloro-9-(4 '-diethyl amino-1 '-methyl) butyl- 
aminnaeridine dihydroehloride, show a greater inhibitory effect than atabrine 
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towards M. tuberculosis in vitro it would seem of interest to investigate these 
particular compounds further. 
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A series of acid-substituted phenyl arsenoxides has now been studied with 
respect to spirocheticidal (1) and trypanocidal (2) activity. With only a few 
exceptions, the acidic groups caused a marked decrease in the activity of the 
parent phenyl arsenoxide. This inhibition was apparently not referable to an 
effect on the dissociation of the — AsO or — As(OH)» group, since the unsub- 
stituted phenyl arsenoxide gave the same titration curve in the appropriate pH 
range {pH 7-12) as its acid-substituted derivatives (1). Alternatively, the 
inhibitory effect of acidic substituents might be related to their own ionization. 
It follows from the dissociation constants of those substituents (cf. table 1) 
that almost all would be more than 99 per cent ionized at pH 7.4; and one could 
explain their observed inhibitory effect if the ionized salts of these compounds 
were relatively inactive as compared with the undissociated free acids. In 
that case, one would expect the activity at any pH to be a function of the pK 
of the compound, those noth a lower dissociation constant (higher pK) having 
more of the non-ionized form, and thus, a higher activity. In a small series of 
acid-substituted compounds, previously reported data (1) did suggest such a 
correlation between the pK of the substituent group and the treponemicidal 
activity. However, the correlation was partial only, there were several excep- 
tions, and other factors were clearly complicating the picture. 

It will be shown in the present paper that this concept is nevertheless funda- 
’mcntally correct. The direct parasiticidal activity of acid-substituted phenyl 
arsenoxides is apparently determined by at least four factors: the generally 
slight, but variable, activity of the ionized salt; the regularly high activity of the 
undissociated free acid; and the proportion of the dissociated (relatively in- 
active) and undissociated (highly active) forms, determined by the pK of the 
acidic substituent and the pH at which the drug was tested. The effect of the 
organisms themselves in promoting activity by binding the non-ionized, active 
form of the compound is discussed in the text. 

Mimtofts ano materials. The preparation of the compounds discussed in the present 
paper has been described elsewhere (3) (4), ns hns the method used for the determination of 
their dissociation constants (1). 

The method used for the ns»ay of spirocheticidal (5) and trypanocidal activity (2) in 
vitro has also been previously described. The method involved the determination of the 
concentration of compound necessary to immobilize 50 to CO per cent of the organisms, com- 
pared to a reference compound (phenyl arsenoxide) simultaneously tested, with the same 
suspension and under the same conditions. The suspension of S. pallida was obtained by 

* With the technical assistance of Arlvnc D. Mus«clman and Emily B. Watson. 
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TABLE 1 

The inhibitory effect of acidic substituents on the spirocheticidal and trypanocidal activity 

of phenyl arsenorides 


SUBSTITUENT CSOUTS (RClHiAsO OB R1R1 EPIEOCHETIC1DAL "TRYPANOCIDAL 

(CiHaAsO) ) ACTIVTIY PEE HOLE* ACTIVITY PEE HOLE* y 


Unsubstituted phenyl arsenoxide 


o-COOH— 

m-COOH — 

p-COOH— 


o-SOjH — 

p-SOjH — .. 


p-CHjCOOH — 

p-(CHi)iCOOH — 

P-ICHjLCOOH— 

p-(CH s ) 4 COOH— 

p-(CHj) s COOH — 


m-CH=CHCOOH — . . 

p-CH— CHCOOH — 

p-OCHjCOOH — 

p-CHOHCOOH — ... 
p-(CsHi)CHCOOH — .. 


p-NHCO(CH,).COOH — . . 

p-CONHCHsCOOH — . . 


3-NO:-4-COOII — . . . . . . 

3-NOi-4-SO,H— 

2- COOH-4-CONH,— .... 

3- NH,-4-(CH.),COOH— 


2- COOH-3-NH,— 

3- NH--4-COOH— 
3-NH:-5-COOH— 
2-NH..6-COOH— 
2-COOH-5-NHj — 
2-COOH-4-NHj — 
2-NH--3-COOH — 
2-NH;-4-COOH— 
2-NH--5-COOH— 


* Referred to that of unsubstituted phenyl arsenoxide as 100. In these early experi- 
ments, the pH was unfortunately not rigorously controlled, but varied in the range 6 8 to 
7.4. To that extent the activities listed in the table represent approximations only (cf. 
fig 5). The further inaccuracy introduced by the varying organisms used in the assay is 
discussed in the text. 

b Titration inaccurate because of the precipitation of free acid in acidic range. 
t Titration was prevented by precipitation of free acid on addition of small amounts 
of dilute HC1 to the sodium salt. The fact that precipitation began at pH C suggests a 
fairly high pK. 

























ACID-SUBSTITUTED PHENYL ARSENOXIDES 


267 


TABLE 2 

Illustrating the method used in determining the effect of pH on the trypanocidal activity of 

phenyl arsenoxides 

(Data of this table appear as filled circles in fig. 1) 

Eleven duplicate rows of tubes w'ere prepared, each containing a) varying amounts of a 
varying dilution of the p-(CHj)jCOOH phenyl arsenoxide, brought to a total volume of 
0.4 cc. with 0.85 per cent NaCl; b) 0.4 cc. of the various buffer mixtures indicated below, 
and c) 0.4 cc. of a suspension of trypanosomes (T. equiperdum) in 40 per cent serum (i.e., 
scrum + 1$ volumes of 0.85 per cent NaCl). The method of preparing the trypanosome 
suspension, free of red blood cells, has been described elsewhere (2). The final trypanosome 
count in the drug-buffer-organism suspension was approximately 10 x 10* per cc. 

After 2 hours at room temperature, the proportion of motile organisms was determined, 
as indicated below-. The amount of drug necessary to immobilize 55% of the organisms 
was obtained by interpolation. That amount, compared to the amount of a 1:2,000,000 
dilution of the reference compound (unsubstituted phenyl arsenoxide) simultaneously 
tested, gave a measure of the gravimetric activity of the compound. In Betting up the 
experiment, care was taken to allow a measured interval of 5 to 10 minutes between the 
addition of organisms to successive rows of the aBsay. The same interval was allowed in 
determining the proportion of survivors, so that the trypanosomes were left in contact 
with the drug for the same interval of time throughout. 


BDT7XR MIXTURE (TOTAL 
VOLUME 0 4 CC ) 


CONCN. or AR- 

CC. or ARSENICAL SOLUTION IN 
TOTAL or 1.2 CC. 

S>—»5 

ssspi 

.gSSG 

& 

TRYPANOCIDAL 
ACTIVITY RE- 
TXRRED TO PHENYL 
ARSENOXIDE AS 
100 

1 

Ss 

53'*' 

s* 

u 

IfClM/10 

SilS 

3 5 M 5 
= « h a 

C. 

SENICAL USED 

(p-(CHj)i 
COOH PHENYL 
ARSENOXIDE) 

04 

0.28 

0.2 

0.14 

0.1 

0 07 

0.05 

Proportion of motile organisms 
after 12 hours at 25*C. 

Gravi- 

metric* 

Molar 

0.02 

0.38 



8.42 

1:10,000 

HI 


72 

> 




0.24 

0.34 

0.5 

0.01 

0.39 



wmm 

1:10,000 



54 

> 




0.21 


0.56 


4:1 mixture 


7.32 

1:10,000 






Hull 

57 

0.055 

1.5 

2.1 


2:1 mixture 


1*71 

1:80,000 


21 

SS 





0.25 

2.7 

3.8 


1 :1 mixture 


6.64 

1:80,000 



4 

56 




0.153 

4.3 

6.1 


1:2 mixture 


6.48 

1:80,000 




3 

66 



0.113 

5.9 

8.4 


1 :4 mixture 


6.18 

1:80,000 





5 

69 


O.0S5 

7.8+ 

11.2 


1:8 mixture 


Kg*l 

1:80,000 






4 

EE 


11.2 

16.0 



0.4 


5.77 

1:320,000 



15 

66 





16 

22.8 




[■el 

5.65 

1:320,000 




35 

> 




20 

28.6 

Buffer mixture N 

o. 3 













with x cc, of 1:2,- 













000,000 phenyl 

ars- 













enoxidc . 



7.32 

1 :2, 000,00c 



IS 

62 




0.165 

100 

100 


cc. of unsubstituted phenyl arsenoxide necessary 

•Gravimetric activity- to immobilize 55% of organisms 

cc. of unknown nrecnical necessary to immobil- 
ize 55% of organisms 

^ Concn. of phenyl arsenoxide 
Concn.of unknown arsenical ^ 
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emulsifying acute testicular syphilomata of rabbits; and T. equiperdum, harvested from 
the blood of white rats or mice, was the organism used for the trypanocidal assays. 

In determining the effect of pH on the activity of the compounds, varying isotonic mix- 
tures of Na,HPOi and KH.PO, were added to a final concentration of M/80-M/120 in the 
drug-organism mixture, as indicated in table 2. The pH of the final mixture w as determined 
wit the glass electrode (Beckman pH meter); and no significant change in pH occurred 
i n t e course of the tv o to three hours for which the organisms were left in contact with the 
P r ' or ^ 1G determination of the proportion of surviving (motile) organisms. 

6 r ? e ^ ot ^ usec * demonstrate the binding of arsenicals bj’ trypanosoma! suspensions 
( ), and the analytical procedure (7), have been described in previous communications 
from this laboratory. 



PH 

Fig. 1. Tim Effect °f pH ov the Trypanocidal Action (T. equiperdum) 

0F P-(CHj)jCOOH Phenyl Arsenoxide 

T'nTfin£?i?r 8 ii, n t * 1 f r0 ^ cr to three similar experiments, carried out at different times. 
The filled circles refer t o the experiment summarized in table 2. The curve in fig 2 (•— •) 
is a composite of the three experiments. 


Experimental. The effect of pH on the trypanocidal and spirochclicidal 
activity of acid-substituted phenyl arscnoxidcs. A single experiment illustrating 
the effect of pH on the trypanocidal activity of an acid-substituted phenyl 
arsenoxide (p-(CH*);COOH) is summarized in table 2. The results of three 
such experiments with the same compound are graphically summarized in fig. 
1. As is there shown, there was a progressive increase in the trypanocidal activ- 
ity of the compound as the pH was decreased from 8.4 to 5.C5, the activity at 
pH 5.G5 being seventy-five times greater than that at pH S.4. The curve for 
this compound in fig. 2 is a composite of the experimental data of fig. 1, obtained 
by averaging the interpolated trypanocidal activities at a series of pH values 
(S.S, S.25, 8.0, 7.5, 7.0, 6.5, and fi.O). 
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Similar experiments were carried out with a total of eleven acid-substituted 
compounds. The results for ten of those compounds are summarized in fig. 2, 
the curve for the 3-NCV4-COOH phenyl arsenoxide having been omitted for 
clarity (cf . table 3) . Each curve in that figure is a composite of two to five experi- 
ments resembling those summarized in fig. 1. The striking and regular effect 
of pH on the trypanocidal activity of most of the compounds is evident from the 



Each curve in the figure is nn average of 3 to 5 experiments resembling those of table 2 
anil figure 1 . The numbers in (□) arc the pK values of the substituent acidic groups. 


figure. Tiie apparent exceptions provided by the p-S0 3 Xa and o-SOjNa com- 
pounds are particularly to be noted, and arc discussed in a following paragraph. 

Experiments with S. pallida as the test organism instead of T. equiperdum, 
"ring the o-COOH and p-(CH : ) a COOH phenyl arsenoxides, arc summarized in 
fig. 3. The results were qualitatively similar to (hose obtained with trypano- 
somes. in that them was a progressive increase in activity as the pH was shifted 
toward the acid side. 

Tlr rthlionrhip between the trypanocidal activity of acid-substituted phenyl 
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arsenoxides and the pK of the acidic substituents. Several distinct lines of evidence 
indicated that the striking effect of pH on the trypanocidal and spirocheticidal 
activity of acid-substituted phenyl arsenoxides was related to the ionization of 
the acidic group. 

TABLE 3 


The correlation between the observed trypanocidal activity of acid-substituted phenyl nrseitox- 
ides at pH 6 0, and that calculated from the pK of the acidic substituents 


1 

2 

3 

■MM 

1 5 

1 6 

mm 

8 

9 

10 



OB- 

CALCULATED ACTIVITY DUE TO 
IOVUED TRACTION 



RATIO 

COUPOUVD 

pK* 

SERVED 
MOLAR 
ACTIVITY 
OP COU- 

Molar 
activity 
of com- 
pound 
(ion b at 
pH 8 0) 

Percentage of 
compound present 
at pH 6 0 as 

Calcu- 
lated 
activity . 

DATED 
ACTIVITY 
AT pH 

6 0 DCE 

CALCU- 
LATED 
ACTIVITY 
or COU- 

SERVED* 

CALCU- 

LATED 

Atnvj- 

i 


AT pH 
60 

Ionized 

salt 

Undis- 
sociated 
free 
acid 1 

at pH 

6 0 due . 
to salt c 1 
(4 X 5) | 

TO FRFE 
ACID® 

(7+8) 

TV AT 
pH 6 0 
(3 + 9) 

o-SOjNa . 

<2* 

BitlfB 

<0.015 

>99 99] 

<0.01 

<0.015 

<0.015 



p-SOiNa . 

2± 

S3 

BITTh 

99.99 

0.01 

0 042 


■riWSB 

1.3 

3-NO:-4-COOH 


33 

rVfU 

99.96 

0.04 

17.0 


17 

1.9 

p-OCH-COOH 


! 2.7 


99 8 

0.2 

0.33 



5.1 

p-COOH 

4.0 

3.0 

■KH 

99 

1 

0 04 

1.0 

1.04 

2.9 

3-NHj-4-COOH 


5 7 

0 6 

95 

5 



1 5.6 

1.0 

p-(CH.),COOH 


42 

6.9 

92.7 

7 3 

6 4 

7.3 

13.7 

3.1 

p-(CH,).COOH 

3-NHJ-4-1CH,), 

5.23* 

31 

3 7 

85 4 

14.6 

3 2 

14.6 

17.8 

1.74 

COOH 

5 34* 

33 


82 

: 18 

2.5 

18 

20.5 

i 1.6 

p-(CHO.COOH 

5.35±* 


1 5 

81 7 

18.3 

1 2 

18 3 

19.5 

2.05 

o-COOH 

5.55 

16 i 


74 

26 

0.39 

26 0 

26 

] 0.61 


* • pK values indicated with asterisk not previously reported, of. (1). 

b Activity of compound at pH 8 0 taken as activity of ionized salt As is discussed in 
the text, this maximum value is in error to the extent that the compound is not completely 
dissociated at that pH, and to the extent also that the trypanosomes combine with the 
traces of free acid. All trypanocidal activities in this and following columns are referred 
to that of phenyl arsenoxidc as 100 

* Molar activity of salt x percentage of ionized salt at pH 6 0 (column 4). 

d Assuming the free acid to be as active as the undissociated phenyl arsenoxidc Since 
the latter is assigned an arbitrary molar activity of 300, the percentage of compound present 
as free acid at pH 6.0 is the molar activity due to free acid 

As is shown in fig. 4, the activity of the unsubstituted phenyl arseno.vide was 
largely independent of pH over the range pH 5.7 to 8.7. This was true also of 
the 3-NH : -4-OH phenyl arsenoxide, in which neither of the substituents was 
strongly acidic. Most significant of all, when an acidic group was blocked, as 
by amide formation, the trypanocidal activity was no longer dependent on pH, 
but remained essentially constant in the range pH 5.7 to 8.7 1 (cf. the p-CONH-, 
p-SOjNHj and p-CONHCHjCONHs compounds in fig. 4). 

* At pH values of 8 and more, there was a distortion in the pH-aetivily curves of non- 
acidic phenyl arsenoxides (cf. fig. 4), which presumably also affects those with acidic sub- 
stituents, and which makes the curves in that range difficult to interpret. This distortion 
in the pH -activity curve may perhaps be referable to the beginning ionization of the AsO 
group considered as an acid (1). 
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Piq. 3. Tnc Effect or pH or the Spikociieticidax< Action or o-COOH — 
and p*(uHj) t COOH — Puente Ausenoxides 
Tho experiments rcscroblo that illustrated in table 3, but were carried out with sus- 
pension of pathogenic S. pallida (Nichols strain) as the test organism instead of T. camper* 
dam. The method of preparing the suspension baa been described elsewhere 1 . Each 
curvo in tho figure refers to an individual experiment. 



1 io. 4. Tnr (Nmuonux) Errrcr or pit ov toe Tettanocidae Action or 
PnrvrE Aitcr.?>oxipEa Lacxino Acinic Sctsstitcents 
Including compounds in which an acidic substituent had been blocked by amide 
formation, * 
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The striking effect of pH on the activity of acid-substituted phenyl arsenoxides 
was therefore not due to an altered susceptibility of the organisms, or to the 
varying activity of the — AsO group as such. The acidic function of the sub- 
stituent group was clearly implicated. The most obvious effect on these com- 
pounds of an increasing hydrogen ion concentration consists in the formation of 
the undissociated free acid from the ionized salt 2 , e.g., 

OAs<^ SCOO— OAsS NCOOH. 

N x OH" N X 

The inference from the data of the preceding section is that the free acid is many 
times more active than the charged ion. If that inference is correct, there should 
be a close correlation between the trypanocidal activity of an acid-substituted 
compound at a given pH, and the pK of the acidic substituent. The higher that 
pK, and thus, the higher the proportion of the free acid at a given pH, the greater 
should be the activity of the compound. Conversely, the lower the pK (i.e., 
the stronger the acidic group), the lower the pH at which there is a significant 
proportion of undissociated molecules, and the lower should be the pH at which 
one first observes an increase in trypanocidal activity. 

These relationships between pK and trypanocidal activity were confirmed 
experimentally, and are clearly indicated in the right hand portion of fig. 2. 
With a strongly acidic compound such as the p-S0 3 H phenyl afsenoxide , in which 
the pK of the acidic group was approximately 2.0, 99-9 per cent of the compound 
would be present as the (inactive) ionized salt at pH 6.0. Less than 1 / 10 , 000th 
would be present as the (active) undissociated free acid; and the relative trypano- 
cidal activity at that pH was correspondingly low (0.06, or l/l/00th that of the 
unsubstituted phenyl arsenoxide). As anticipated, there was no demonstrable 
change in trypanocidal activity in the range pH 8.5 to 5.5. At the other extreme, 
in the case of the o-COOH compound, with a pK of 5.55, approximately 25 per 
cent would be present as the undissociated free acid at pH 6.0; and the relative 
trypanocidal activity of that compound at that pH was correspondingly' high 
(19). Acidic groups with intermediate pIC values usually' had correspondingly' 
intermediate activities (cf. fig. 2). The exceptions provided by' the p-(CH»V 
COOH and 3-NH;-4-(CH!) 3 COOH phenyl arsenoxides were in part due to the 
unusually high trypanocidal activity of their ionized salts. This, adding on to 
the activity due to the undissociated molecule, contributed to the unexpectedly 
high activity of those compounds at pH 6.0’. 


* pH = pK' + log 


[salt] 

lacid) 


log 


Isaltj 

[acid) 


pH - pK' 


» /Vs shown in the left hand portion of fig 2, and as was to have been anticipated, the 
clear correlation between the plv of the substituent group and the trypanocidal activity 
of acid-substituted phenyl arsenoxides at pH C 0 was obscured at more alkaline reactions. 
At pH 6 0, where a significant proportion was present as the undissociated free acid, the 
observed activity w as preponderate^- due to that fraction, and was therefore quantitatively 
related to the pK of the compound. Thus, if the pK of an acid-substituted phenyl arsen- 
oxide were 5 0, at pH 6 0 approximately 9 per cent of the compound would be present as the 
undissociated free acid If the latter is assumed to have an activity 100 times greater than 
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The data of fig. 2 were, however, rendered of only qualitative significance with 
the finding that the trypanosomes selectively bound the undissociated free acid, 
and had but little affinity for the relatively inactive ion (cf. following section). 
Since the solutions were strongly buffered, and the ratio of salt: acid thereby 
stabilized, the removal of the free acid from solution by the organisms necessarily 
caused more of the compound to go over into that form, making more available 
for the trypanosomes. Inasmuch as the trypanocidal activity of an arsenical is 
determined by the amount bound by the organisms (6), the trypanocidal activity 
of these acid-substituted compounds was regularly greater than the plv of the 
acid would have implied. In a sense, the organisms promoted their own death 
by binding the active form of the compound, and thus shifting the equilibrium 
so as to form more of it. 

It follows from these considerations that a) the heavier the trypanosomal 
suspension, the greater should be the apparent activity of an acid-substituted 
phenyl arsenoxide relative to that of a non-acidic compound simultaneous^ 
tested; and conversely, b) the fewer organisms used, the smaller would be the 
error introduced by tlieir selective combination with the free acid, and the more 
closely would the observed trypanocidal activity correspond to the proportions 
of free acid and ion originally present in the solution. 

The first conclusion was confirmed by the experiments summarized in fig. 5. 
With two representative compounds, the apparent trypanocidal activity through- 
out the pH range 5.5 to 8.4 increased with the number of organisms. A six-fold 
increase in that number resulted in a two-to four-fold increase in trypanocidal 
activity, referred to that of the unsubstituted phenyl arsenoxide simultaneously 
tested ns 100. 

Were it not for the large error introduced by this selective affinity of the 
organisms for the free acid, it would be theoretically possible to calculate the 
trypanocidal activity of an acid-substituted phenyl arsenoxide at a given pH 
from the proportion of ionized and non-ionized fractions, determined by the pK 
of the compound. The activity at pH S.O could be taken as an approximation 
of the molar activity of the ion*. The molar activity of the free add is, as a 

that of the ion (the usual order of magnitude; cf. following paragraphs in text), the activity 
at pH C.O would be (0,09 X 100) + (0.91 XI)- 9.91, of which only 0.91 would derive from 
the ion; and oven considerable variation in the activity of the ion would have little effect 
on the total observed activity. On the other hand, at pH S.O, only l/lOOOlli of the com- 
pound would be undissociated, and the activity would be (0.001 X 100) + (0.999 XI) = 1.1, 
of which 0.999 would derive from the ion. The varying and slight molar activity of the 
ions of the various acid-substituted compounds would nevertheless suffice to obscure the 
quantitative relationship between trypanocidal activity and the pK of the acidic sub- 
stituent. Tins is evident in the left hand portion of fig. 2, and is further borne out by the 
data of table 3. These relationships probably explain, at least in part, the previously 
noted poor correlation between the spirocheticidal action of acid-substituted phenyl 
nrsenoxides at pH 7.9-7 .4, and the pK of the acidic substituents (1), 

' 1 his approximation would he in error to the degree thnt the compound is not completely 
dissociated at that pH. This otherwise negligible discrepancy would be exaggerated by 
the fact that the organisms hind the traces of free acid present at the pH, and thus cause 
the continuing formation of amounts in excess of that calculated from the pK of the acidic 
substituent. 
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The striking effect of pH on the activity of acid-substituted phenyl arsenoxides 
was therefore not due to an altered susceptibility of the organisms, or to the 
varying activity of the — AsO group as such. The acidic function of the sub- 
stituent group was clearly implicated. The most obvious effect on these com- 
pounds of an increasing hydrogen ion concentration consists in the formation of 
the undissociated free acid from the ionized salt 1 , e.g., 


OAs< 


<O°00- 


R+ 

OH- 



COOH. 


The inference from the data of the preceding section is that the free acid is many 
times more active than the charged ion. If that inference is correct, there should 
be a close correlation between the trypanocidal activity of an acid-substituted 
compound at a given pH, and the pK of the acidic substituent: The higher that 
pK, and thus, the higher the proportion of the free acid at a given pH, the greater 
should be the activity of the compound. Conversely, the lower the pK (i.e., 
the stronger the acidic group), the lower the pH at which there is a significant 
proportion of undissociated molecules, and the lower should be the pH at which 
one first observes an increase in trypanocidal activity. 

These relationships between pK and trypanocidal activity were confirmed 
experimentally, and are clearly indicated in the right hand portion of fig. 2. 
With a strongly acidic compound such as the p-S0 3 H phenyl arsenoxide, in which 
the pK of the acidic group was approximately 2.0, 99.9 per cent of the compound 
would be present as the (inactive) ionized salt at pH 6.0. Less than 1 / 10 , 000th 
would be present as the (active) undissociated free acid; and the relative trypano- 
cidal activity at that pH was correspondingly low (0.06, or l/1^00th that of the 
unsubstituted phenyl arsenoxide). As anticipated, there was no demonstrable 
change in trypanocidal activity in the range pH 8.5 to 5.5. At the other extreme, 
in the case of the o-COOH compound, noth a pK of 5.55, approximately 25 per 
cent would be present as the undissociated free acid at pH 6.0; and the relative 
trypanocidal activity of that compound at that pH was correspondingly high 
(19). Acidic groups with intermediate pK values usually had correspondingly 
intermediate activities (cf. fig. 2). The exceptions provided bj r the p-(CHs)r 
COOH and 3-IsH:-4-(CH»)jCOOH phenyl arsenoxides were in part due to the 
unusually high trypanocidal activity of their ionized salts. This, adding on to 
the activity due to the undissociated molecule, contributed to the unexpectedly 
high activity of those compounds at pH 6.Q 3 * 5 . 


5 pH = pK’ + log 


[saltl 

[acid) 


i l salt l TT T -» 
l0E [acid] “ PH - PK 


3 As shoivn in the left hand portion of fig. 2, and as was to have been anticipated, the 
clear correlation between the pK of the substituent group and the trypanocidal activity 
of acid-substituted phenyl arsenoxides at pH 6 0 was obscured at more alkaline reactions. 
At pH G 0, where a significant proportion was present as the undissociated free acid, the 
observed activity was prcponderatcly due to that fraction, and was therefore quantitatively 

related to the pK of the compound. Thus, if the pK of an acid-substituted phenyl arsen- 

oxide were 5 0, at pH G 0 approximately 9 per cent of the compound would be present as the 
undissociated free acid. If the latter is assumed to have an activity 309 times greater than 
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phenyl aTsenoxides were tested at a series of pH values by the technic of table 2, 
but with a suspension containing only 5 X 10 6 organisms per cc. The experi- 
mentally determined molar trypanocidal activities of these compounds at pH 
6.0 and 8.0 are listed in columns 2 and 3 of table 3. Those activities were regu- 
larly less than had previously been obtained with much heavier suspension 
(cf. figs. 2 and 5). The theoretical activities at pH 6.0, listed in the next to last 
column of that table, were calculated on the assumptions a) that the activity at 
pH 8.0 was that of the free ion 4 , b) that the activity of the free acid was, like 



002 005 01 02 05 ID 20 50 10 20 50 


CalculiTed Trypanocidal Activity 

Fig. 6. The Correlation Between the Observed Trypanocidal Activity of Phenyl 
Absenoxides at pH 6.0 and the Activities Calculated from the pK of the 
Acidic Group (cf. Table 3) 

that of the — CH„ — Cl or — NO, substituted compounds, essentially the same 
ns that of phenyl arsenoxide 5 , and e) that the trypanosomal suspension used did 
not bind significant amounts of free acid, so that the proportions of free acid and 
ion at pH 6.0 were determined by the pK of the acid substituents, as indicated in 
columns 5 and 6 of table 3. 

The degree to v Inch the calculated and observed activities agreed is evident on 
comparing columns 3, 9, and 10 of table 3, and is graphically shown in fig. fi. 
” only exception, the observed activity was regularly greater than the 
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maximum, that of the unsubstituted phenyl arsenoxide 5 . The relative propor- 
tions of ion and free acid at e.g. pH 6.0 could be calculated by the pK of the 
compound, but would be in error to the extent that the free acid was bound by 
the trypanosomes, as previously discussed. 



pH 


Fig. 5. The Effect of the Nuxibeh of Organisms on the Apparent Trypanocidal 
Activity of Two Acid -Substituted Phenyl Arsenoxides 

A suspension of trypanosomes containing the indicated number of organisms per cc. 
was added to equal volumes of arsenical and of buffer, after the technic of table 2. The 
final concentration of trypanosomes in the reacting mixture was therefore one-third of 
that indicated in the figure. The trypanocidal activities are in each instance referred to 
that of phenyl arsenoxide simultaneously tested, with the same suspension, as 100. 

In the experiments summarized in table 3, an attempt was made to minimize 
that error by using a thin suspension of trypanosomes. Twelve representative 

•Of more than 150 substituted phenyl arsenoxides tested to date with respect to spiro- 
cheticidal and trypanocidal activity, none has been significantly more active than the 
parent unsubstituted compound. Some "indifferent” substituents had no effect, while 
most substituent groups inhibited activity to a varying degree. It is therefore reasonable 
to assume that the molar activity of an undissociated acid-substituted phenyl arsenoxide 
is, as a maximum, that of the unsubstituted compound. 
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compounds the activity of which increased with acidity due to the formation of 
free acid from the ion, there would be a corresponding increase in the amount of 
arsenical bound by the organisms. As shown in fig. 7 , this was confirmed with 
the p-(CH : ) 3 COOH, 3 H.-4- (CH^COOH and p-COOH phenyl arsenoxides. 
A single experiment is described in detail in table 4. 

In the case of those compounds with more strongly acidic substituents (e.g., 
the p-OCIh.COOH and 3-N02N0 2 -4-C00H phenyl arsenoiddes, with pK values 
of 3.3 and 2.6 respectively), the increased binding, like the increased activity , did 
not become apparent until the solution had been made sufficiently acid to produce 

TABLE 4 

Illustrating the effect of pH on the binding of an acid-substitulcd phenyl arsenoxidc (3-NH.-4- 
(CH-)iCOOH) by T. cquiperdum 

The organisms sedimented from rat blood were resuspended in 30 per cent rabbit serum 
containing 0.2 per cent added glucose, to a concentration of 500 x 10“ organisms per cc. 
Five cc. were rapidly added to a mixture of 4 cc. of isotonic phosphate buffer, and 1 cc. of 
arsenical solution containing 16.7 y of arsenic. The contents were immediately mixed, 
and the tube sharply centrifuged after ten minutes at room temperature. The volume of 
the sedimented organisms averaged 0.12 cc. at pH 7.4. Although there was often a slight 
increase in that volume with increasing acidity, averaging 0.02-0.03 cc. at pH 5.5, that 
change was ignored in calculating the ratio of arsenic concentrations in the trypanosomes 
and in the surrounding fluid. 
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10 
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5.2 

10.0 

7.6 

57 
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* Actual content of arsenic, and not concentration. 


significant if slight amounts of the free acid (cf . fig. 8). (The relatively high 
degree to which the 3-NO--4-COOH was bound at pH 9. 0-6.5 reflects the anomal- 
ous high activity of the ion of this compound) . With the most strongly acidic 
compound tested, the o-S0 3 Na compound, with a pK value of less than 2, less 
than 1 /3000th of the compound would be present as the free acid even at the 
lowest pH tested, 5.5; and there was no demonstrable difference in either activity 
or binding between pH 574 and 9 (cf. figs. 2 and 8). Finally, in the case of the 
unsubstitutcd phenyl arsenoxide, or of the p-CONH- compound, in which an 
acidic group had been blocked by amide formation, increasing acidity did not 
result in an increased binding of arsenic by the trypanosomes, corresponding to 
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theoretical. This suggests that even the thin suspension used in these experi- 
ments bound enough of the free acid to enhance the apparent trypanocidal activ- 
ity of the compound significantly. Nevertheless, the correlation between the 
observed and theoretical values was generally 'satisfactory, and permits the 
conclusion that the relative trypanocidal activity of an acid-substituted phenyl 
arsenoxide is determined by, and is roughly predictable from, a) the pH of the 
solution, b) the pK of the acid substituent, and c) the trypanocidal activity of 



Fio. 7. Tan Effect of pH on the Affinity for Trypanosomes of Three 
Acid-Substituted Piienyl Arsenoxides with Relatively Weak 
Acidic Groups 

Summary of three experiments resembling that of table 4. The numbers after the 
substituent groups in the figure are the pK of the acidic groups. The marked effect of pH 
on the affinity of the arsenical for trypanosomes parallels the similar effect on their try- 
panocidal activity (cf. fig. 2). 

the ion. The higher the pK, and the lower the pH, the greater will be the ob- 
served activity of the compound. 

The effect of pH on the binding of acid-subslitutcd phenyl arsenozidcs by trypano- 
somes. It has been shown in a preceding paper (G), that the varying trypanocidal 
activity of a series of phenyl arsenoxides reflects the varying degree to which these 
arsenoxides are bound by the trypanosomes. On the basis of the preceding 
discussion, it was therefore to have been anticipated that in the case of those 
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groups, which roirntin as ions at the lowest pH tested, are Correspondingly un- 
affected with respect to both activity and combining affinity. 

Discussion. There is a considerable body of evidence that arsenicals combine 
with — SH groups of living cells. Voegtlin, Dyer and Leonard (8) tentatively 
identified those — SH groups with glutathione, and ascribed the parasiticidal 
action of arsenicals to that combination. Rosenthal and Voegtlin (9) and 
Schmitt and Skow (10) later suggested that other — SH groups may be concerned, 
in particular the “fixed” — SH groups of tissue protein. More recently, Barron 
and Singer (11) have shown that arsenicals combine reversibly with the — SH 
groups in a series of enzyme proteins, the enzymatic function of which is thereby 
suppressed. These observations provide a simple and rational explanation for 
the parasiticidal action of phenyl arsenoxides. 

The present demonstration that undissociated acid-substituted phenyl arsen- 
oxides are so much more strongly bound by trypanosomes than their ionized salts 
may reflect a difference between the combining affinities of the free acids and their 
ions for the reactive cellular — SH groups. Hon ever, no such difference between 
acidic and non-acidic compounds was apparent when phenyl arsenoxides were 
reacted in vitro with, e.g., cysteine to form thioarsenites, nor was there any 
demonstrable difference in the degree to which the formed thioarsenites hydro- 
lyzed at pH 7.4. 

Conceivably, also, the electrostatic repulsion between the negatively charged 
ion and the negatively charged trypanosome might prevent their combination. 
The paradoxically high activity of the 3-N0 2 -4-C00H, p-(CH 2 ) 3 COOH, 
p-(CH 2 )<COOH and 3-NH 2 -4-(CH 2 ),COOH phenyl arsenoxides at pH 7.4 
(cf. table 1) seems to negate that possibility. Like the other acid-substituted 
compounds, these compounds as free acids were more strongly bound and 
correspondingly more active than they were as ions. Unlike the other acid- 
substituted compounds, however, their ions also were significantly bound by the 
organisms, and possessed a high degree of activity (cf. table 3 and figs. 7 and 8). 
Clearly, the ionic charge as such is not the sole factor responsible for the generally 
low affinity of ionized phenyl arsenoxides for trypanosomes. 

The most reasonable explanation for the relative inactivity of the ionized salts 
of acid-substituted phenyl arsenoxides is that they may be unable to pass through 
the cell membrane into the interior of the cell. Highly active phenyl arsenoxides 
arc bound by trypanosomes in amounts difficult to explain on the basis of combi- 
nation solely with reactive gioups on the surface of the cell*. Those compounds 

• Reiner, Leonard and Chao (24) have calculated that the amount of arsenic bound by 
trypanosomes in their experiments (0 1 microequivalent per 10>° organisms, or 6 X 10* 
molecules per trypanosome) is consistent with its combination with — SH groups on the 
surface of the organisms In our ow n experiments, how ever, using more active arsenicals 
twenty times as much arsenic has been bound (up to 30 micrograms by 2 X 10’ organisms' 
or 1 2 X 10* molecules per trypanosome, with a surface area of approximately 10~* sq cm.)! 
If these were all on the surface of the organism, the mean distance between their points 
of attachment would be only 10~ r cm This would imply that on the order of every fifth 
atom on the surface of the trypanosome is an — SH sulfur (or some other group equally 
react iv e with arsenical 1 , far exceeding the analj tical % alues for free — SH groups in proteins 
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the fact that the activity of the compound was also not significantly affected 
(cf. fig. 3). 

It follows from these considerations that the trypanocidal activity of an acid- 
substituted phenyl arsenoxide in the pH range 5. 5-9.0 is a function of the amount 
of arsenical bound. The varying activity of the compound within that pH range 
reflects the varying proportions of the ionized salt, with a relatively slight 



Fig. 8. The Effect of pH on the Affinitt of Trtpanosomes for Pbenib Arsenoxipes 
with Strongly Acidic or Eon-Acidic Substituents 
Summary of five experiments resembling that of table 4. The numbers After the sub- 
stituent groups in the figure are the pK values of the acidic groups, a) The failure of pH 
to affect the affinity for trypanosomes of non-ncidic and b) the fact that the stronger the 
acidic group, the more acid the reaction at which the arsenicals develop an increased affinity 
for trypanosomes, again parallel the similar effects of pH on their trvnanocidal activity 
(cf. figs. 2 and 3). H 

affinity for the trypanosome and a correspondingly' slight activity, and of the 
undissociated free acid, which is strongly- bound by the trypanosome and is 
correspondingly' active. In a series of acid-substituted phenyl arsenoxides, those 
with the highest pK values, most readily transformed to the free acid on acidifi- 
cation, are the first to show an increased activity and an increased affinity for the 
trypanosomes as the reacting mixture is acidified; while those with strongly acidic 
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with alkalinization in the pH range 6.5-8.0, ascribed by Goljachowski (21) to the 
formation of the undissociated free base, which was bound by the heart tissue. 
Brucine was found to diffuse into Nit ell a only as the free base (Irwin (22)), 
and accumulated within the cell to the degree that it was there transformed to the 
ionized salt, permitting the diffusion of more of the free base. This and similar 
“trap mechanisms” leading to the intracellular accumulation of freely diffusing 
molecules have been described by many workers. Finally, a variety of cells 
(epidermal cells of leaves of Rheo discolor, cilia of Tradescentia virginica, and 
root cells of Lemna minor) were found by Poijari (23) to be permeable to undisso- 
ciated weak bases, but not to their cations. 

The present demonstration that the ions of acid-substituted phenyl arsenoxides 
are bound by trypanosomes to a far less degree than the corresponding free acids 
or non-acidic arsenoxides, is thus a phenomenon encountered with a wide variety 
of cells and compounds. Various explanations have been offered for that phe- 
nomenon, the discussion of which is not within the scope of the present paper. 
The distinguishing feature of the trypanosome-arsenical system here studied lies 
in the speed, and particularly in the degree to which active, non-ionized arsenicals 
may be concentrated by the trypanosomes. Within ten minutes, the arsenic 
concentration in the organisms may attain a level several hundred times greater 
than that of the surrounding fluid. This reflects a rapid diffusion of the arsenical 
into the organisms, followed by its firm combination with cellular constituents. 
The arsenical is thereby effectively removed from the diffusion equilibrium, per- 
mitting its continued diffusion into the cell. In comparison with the effect of 
this combination in permitting the accumulation of arsenic in the trypanosomes, 
the partial conversion of some of the acid to the ionized form within the cell is a 
quantitatively negligible factor. 

It is interesting to note that even the most inactive of the ionized phenyl 
arsenoxides here studied were nevertheless bound by the trypanosomes to a cer- 
tain degree, attaining a concentration in the organisms several times that in the 
surrounding fluid (cf. table 1 and fig. 8) without exerting any apparent deleterious 
effect on the organisms. This degree of concentration may perhaps be due to the 
binding of arsenoxides by — SH groups on the surface of the organism. In such 
case, it would follow that these surface groups are not vital to the cell, either 
because they are qualitatively different from those in its interior, or because 
quantitatively not enough — SH groupings are thereby blocked to affect the 
liability of the organism. 


SUMMARY 

1. The trypanocidal and spirocheticidal activity of most of the acid-substituted 
phenyl arsenoxides here studied increased strikingly with increasing hydrogen ion 
concentration in the pH range 5.5-9.0. 

2. This was due to the fact that the ionized salts of these compounds were 
only a fraction as active as the undissociated free acids, which had a uniform 
molar activity approximating that of unsubstituted phenyl arsenoxide. 

3. I he relative activity of an acid-substituted phenyl arsenoxide at a given pH 
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apparently combine with — SH or other groupings within the cell; and it is 
probable that the salts of acid-substituted arsenoxides are not bound, and thus 
inactive, because of their relative inability to pass through the cell membrane. 

That the ions of weak acids (or bases) pass through ceil membranes with greater 
difficulty than the corresponding undissociated molecules is a phenomenon 
which has been described by many workers and for a wide variety of cells. 
Thus, Vermast (12) found that the bactericidal action of benzoic and salicylic 
acids increased with increasing hydrogen ion concentration. Labes (13), work- 
ing with tadpoles and S. aureus, made a similar observation in the case of 
butyric, caproic, and benzoic acids, and attributed the effect to the more rapid 
penetration of the cells by the undissociated acid molecules. The cilia of 
Mytilus edulis were far more strongly inhibited by weak acids (acetic and 
butyric) than they were by HC1 at the same pH, and NH3 was more active than 
NaOH (Gray (14)), in both cases due to the ability of the undissociated weak 
alkalis and acids to penetrate into the cell. Similarly, starfish eggs were pene- 
trated by undissociated CO* and NH ( OH, but not by their ions (Jacobs (15)); ® 
plant cell, Valonia maerophysa, was penetrated by CO* and H ; S only as undis- 
sociated molecules, and not as HS~, HC07, or COT ions (Osterhout et alii (16)); 
and in the activation of starfish eggs (Asterias forbesii) by a series of acids, only 
the undissociated molecules were found to penetrate the cells, the actual activa- 
tion by H + being due to their intracellular ionization (Lillie (17)). A series of 
substituted phenols penetrated the eggs of Arbacia punctulata only as undisso- 
ciated molecules, and the degree to which these compounds inhibited cell division 
was determined by the concentration of those molecules in the external medium, 
and thus, in the cell itself (Krahl and Clowes (18)). 

Of particular interest is the fact that, in contradistinction to the foregoing 
observations with weak acids, and consistent with the general thesis that cells are 
penetrated by undissociated molecules more readily than by their ions, the ac- 
tivity of weak bases is increased by alkalinization rather than acidification. 
Prowazek (19) made that observation in studying the toxicity of the alkaloids 
atropine, quinine, and strychnine for Coipidium, and similar observations were 
made by Crane (20), working with Paramecium caudatum 7 . The effect of 
quinine, (dissociation constant 2.2 x 10 -7 ) on the isolated frog heart also increased 


eo far studied in that respect. An even greater disparity between the amount of arsenic 
bound and the known or probable density of — SH groups on the surface of the cell has been 
noted in the case of red blood cells (Magnuson, Eagle and Watson, unpublished data). 

7 The apparent exception provided by caffeine, the activity of which was independent 
of pH in the range 5.9-S.7, was due to the fact that, with a dissociation constant of 1.4 X 
it remains almost completely ionized in the pH range studied; while in the case of the 
other compounds tested by Crane, with dissociation constants of 1-17 X 10" 7 , the degree of 
dissociation varied materially within that pH range, with a corresponding change in ac- 
tivity. An analagous situation has been described in the present paper in the case of the 
strongly acidic o-SOjNa and p-SOjXa compounds, with dissociation constants greater than 
j0~t. These compounds would remain almost completely ionized in the pH range 5.CH1.0, 
and they remained correspondingly inactive throughout that range, in contrast to the 
other acids studied, with pK values of 3. 3-5. 5. 
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Three aliphatic amines have been found to have significant sympathomimetic 
activity. These are, 2-methylamino-iso-octene (Octin), 2-methylamino-heptane 
(EA-1) and 2-amino-heptane (Tuamine). These compounds on intravenous ad- 
ministration to animals produce a pressor response. When repeated doses are 
given tachyphylaxis develops to the pressor action and a depressor response pre- 
ceding the pressor becomes evident noth the second dose and thereafter increases 
in intensity with each subsequent dose. This author (1, 2) and others (3) have 
explained this depressor response as being due mainly to myocardial depression. 

This paper reports the results of further studies on this depressor action of 
these aliphatic amines. While most of the experiments were conducted on 
Octin a few studies on EA-1 and Tuamine indicate that these compounds act in a 
similar manner. 

Procedure. Healthy mongrel dogs of both sexes were used. Some of the 
animals were etherized and the others were narcotized with 5 mgm. per kgm. of 
morphine sulfate. Blood pressure was recorded from either the carotid or femo- 
ral artery by means of a mercury manometer or with a “Hypodermic” manom- 
eter (4). Peripheral blood flow was measured in the hind leg of some of the 
animals by means of a Soskin (5) type “bubble” flowmeter inserted into the femo- 
ral artery. Such animals were heparinized. Atropine sulfate in a sufficient 
quantity to prevent the hypotensive effect of a small dose of acetylcholine was 
administered to each animal. The amines were administered intravenously 
in the form of their water soluble salts. All doses are expressed as mgm. per 
kgm. 

Results. It has already been shown (1) that tachyphylaxis develops readily 
to the pressor action of Octin when doses of 1 or 2 mgm. are used. If the dose is 
reduced to 0.1 or 0.2 mgm. tachyphylaxis does not usually occur and the depressor 
response is not present (fig. 1). 

Ephedrine has been found to more or less completely block the pressor action 
of Octin. Pig. 1 shows the influence of 0.1 mgm. of ephedrine on the re- 
sponse to a small dose of Octin. The pressor response is removed and no 
depressor response occurs as this does not usually occur with this dose of Octin. 
If a larger dose of Octin is given after this dose of ephedrine the typical depressor 
response occurs (fig. 2). 

When 1 to 5 mgm. of Octin are given following 1 to 10 mgm. of ephedrine the 
ephedrine removes only the pressor response and has little if any influence on the 
depressor action of Octin (fig. 3). 
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was therefore roughly predictable from a) the proportions of ion and free acid, 
determined by the pK of the substituent group, and b) the varying molar ac- 
tivity of the ion. As anticipated, strongly acidic compounds, jnelding no 
significant amounts of free acid even at pH 5.0, failed to show the usual pH effect. 

4. Tbe relative inactivity of the salts of these compounds reflected the fact 
that they were bound by the trypanosomes to only a minor degree, while the 
undissociated free acids, like all highly active compounds, were concentrated as 
much as three hundred-fold. Variations ip pH, affecting the relative proportions 
of ions and free acid, similarly affected the degree to which a given arsenical was 
bound by the trypanosomes. 

5. The question as to whether the undissociated free acids are more strongly 
bound because of a greater reactivity with cellular constituents, or whether they 
differ from the ionized salts primarily in their ability to penetrate into the interior 
of the cell, is discussed in the text. The weight of evidence is in favor of the latter 
view. 
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TIME 10 SEC. 


DOG 2 15 KG 

Fig, 3. Blood Pressure Recorded with "Hypodermic” Manometer 
A— Octin 1 mgm., B—Octin 1 mgm. given 45 min. after ephedrinc 1 mgm., C— Octin 
5 mgm. given 10 min. after ephedrinc 10 mgm. 



Fig. 4. Blood Flow in Hind Leg of a Dog 
The mean blood pressure is recorded by means of a “Hypodermic” manometer with 
the needle placed in the outflow tube of the flowmeter. Blood flow is indicated by the 
time necessary for the air bubble to traverse the 6 cc. volume in the flowmeter. This flow 
time is indicated by the heavy lincs'under the base line. The longer these lines the slower 
the bloodflow. The spnccslbe tween the flow lines indicate the time necessary for the 
bubble to traverse the distance* between the point of injection and the first mark on the 
flowmeter. T* ,,c '**•<*' : * '* ’ jut a4cc. volume. Drug injections at verticallines. 

1 ’Dctu ■ B~ Ephedrinc 0.01 mgm. intravenously, C— Octin 

0.01 mgm. ■ is a direct continuation of B), D— Octin 1 mgm. 

intravenou. . • arterially. 
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Flowmeter studies of the circulation in the dog’s leg show that the depressor 
response of the aliphatic amines is due in some measure to peripheral vasodilation 
The first dose of the amine produces a slight vasoconstriction but the second dose 
or any dose following ephedrine produces only vasodilation. Fig. 4 gives the 
results of a flow study using ephedrine to block the pressor action of Octin. 


■/GO ■ ' r 20o[ 





octin o^mg/kg/^min 

DOG e" 7 KG 


I ! ■ I ■ 

to ; . * 


■»o 



TIUE M SEC. DOG f t KG 


Tig. I Lfft— Blood Pressure Recorded with a. Mercury Manometer. 
Right — Blood Pressure Recorded with “Hipodfrmic” Manometer 
A— Octin 0 1 mgm , B— Ephedrine 0 1 mgm , C— Octin 0 1 mgm 



A B C 

' TIME 10 SEC DOG $ 8 KG 

Fig. 2. Blood Pressure Recorded with a Merclri Manometer 
A — Octm 0 1 mgm., B — Ephedrine Q l mgm , C — Octin I mgm 

Peripheral administration (intra-arterial) increases blood flow in the leg while 
central administration (intravenous) decreases flow during the depressor phase 
of the drug 

Some dogs respond to intravenous epinephrine with a diphasic rc=pon c e. 1 tie 
blood pressure first rises then falls below the control level. Woodbury and 
Marsh (6) have shown this fall in blood pressure to be due to peripheral vasodila- 
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fall in blood pressure becomes an important consideration when they are used 
clinically for their pressor effect. Tuam'me has been proposed by Kohlst edt 
and Page (8) as a pressor compound to be used in conjunction with intra-arterial 
blood transfusion in the treatment of hemorrhagic shock. EA-1 has been 
used by Roman- Vega and Adriani (9) as a pressor agent to prevent the hypo- 
tension associated with spinal anesthesia. If these amines are given repeatedly 
or are given after ephedrine there is a good possibility that a fall in blood pressure 
will result. Overstimulation of the heart or direct myocardial depression could 
also produce very undesirable reactions. 

SUMMARY 

1. The three aliphatic amines studied produce a depressor response in dogs 
which is due in part to peripheral vasodilation. 

2. This vasodilation is produced in a manner similar to that of the aromatic 
sympathomimetic amines such as epinephrine. 

3. The pressor action of these aliphatic amines is more or less completely 
blocked by ephedrine. 

4. If these aliphatic amines are to be used clinically for their pressor effect not 
more than one dose should be used and they should probably not be used with 
ephedrine. 

This work has been supported in part by a grant from the Eli Lilly Co. The 
author wishes to thank the Bilhuber-Knoll Corp. for supplying the Octin and 
EA-1, and the Lederle Lab. for supplying the heparin. 
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tion. A typical diphasic epinephrine response is shown in fig. 5. If Odin is 
administered to this type of animal the depressor response to epinephrine is 
greatly enhanced. In dogs that show only a pressor response to epinephrine 
Octin then potentiates the rise in blood pressure. The second dog in fig. 5 does 
not show the typical diphasic epinephrine response. The pressor effect, however, 
is very fleeting and in this animal Octin potentiates both the pressor and de- 
pressor effect of the epinephrine. 

Discussion. The first dose of any of these aliphatic amines is mainly pressor 
in action; the increase in blood pressure being due chiefly to cardiac stimulation 
and to a lesser extent to peripheral vasoconstriction. This cardiac stimulation 
is apparent in pulse contours recorded following Octin administration. It has 
also been demonstrated with EA-1 by Jackson (3) and by Heringman and 
Adriani (7). Kohlstaedt and Page (8) have shown the cardiac stimulating action 
of Tuamine. Blood flow studies in this paper have indicated the slight vaso- 
constricting effect of these amines in the dog’s leg. 



Fig. 5. Blood Pressure Recorded with a Mercury Manometer 
B — Epinephrine 0 005 mgm 


When the pressor action of these amines is blocked by repeated doses of the 
amine or by previous administration of ephedrine the depressor action becomes 
apparent. Flow studies show that peripheral vasodilation is present during 
the depressor phase. Some of the depressor action can also be due to direct 
myocardial depression as fatal doses of these amines in anesthetized animals 
usually produces death by cardiac failure. 

The mechanism of the vasodilating action of these aliphatic amines is probably 
similar to that of the aromatic sympathomimetic amines such as epinephrine. 
The vasodilation is not influenced by atropine. Ergotoxine has been found to 
have no ’influence on either the pressor or depressor actions of these amine®. 
Jackson (3) found evidence that EA-l potentiated the depressor response of 
epinephrine following ergotoxine. In animals that show a marked vasodilation 
with epinephrine these aliphatic amines will potentiate the epinephrine depressor 
effect. 

The ability of these aliphatic amines to produce peripheral vasodilation and a 
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It has been shown that trichloracetic acid is present in the urine of dogs 
(Barret, Cunningham & Johnston, 1939) and of human subjects (Powell, 1945) 
after trichlorethylene anaesthesia. In the latter investigation, analyses of 
blood and urine suggested that part of the trichlorethylene absorbed is fixed 
and metabolized in the tissues. This is followed by diffusion of the metabolite, 
trichloracetic acid, into the bloodstream where it reaches a maximum concen- 
tration in 48 hours, and is then slowly excreted in the urine over a period of 
15-20 days. 

Barret, Cunningham & Johnston (1939) have observed that trichloracetates 
administered subcutaneously to rabbits are excreted very slowly, being present 
in small amounts in the urine two weeks after the injection. 

It seems, therefore, that the elimination of trichloracetates is a long process, 
whether these substances are produced in the tissues or are introduced from 
outside into the circulation. To obtain quantitative data on this point, we 
have determined the rate of excretion of sodium trichloracetate, by human 
subjects, after intravenous administration of the salt. 

Methods. Sodium trichloracetate in amounts varying between 1.5 and 3 g. was given 
in 3 per cent aqueous solution, which was found to be approximately isotonic. It was 
administered to six patients by intravenous drip over periods of approximately 1 hour. 

Blood samples were collected at intervals and analysed by a method based on the Fuji- 
wara reaction. This method involves protein precipitation, followed by treatment of 
the filtrate with pyridine and alkali. Under these conditions, trichloracetates give a 
purplish red colour, which is measurable down to a concentration of 1 mg./lOO ml. blood 
(Powell, 1945). 

Urine was collected 24-hourly and analysed by the same method. 

Results. Blood concentrations of trichloracetate observed 5 minutes after 
the injection varied between 10 and 22 mg./lOO ml., depending on the size of 
the patient, and the amount of trichloracetate injected. No ill effects were 
observed, but during the first few hours after the injection the patient became 
very' drowsy — an effect of trichloracetates observed by Liebreich (1869). 

During the first 30 hours after the injection, the blood concentration had 
fallen to about 50 per cent of the initial value. This was partly accounted for 
by diffusion into the tissues, since only about 20 per cent of the amount injected 
had appeared in the urine. The blood concentration then decreased very slowly, 
having fallen to 30 per cent of the initial value in 90 hours and to 20 per cent in 
140 hours. Blood specimens obtained 10 days after the injection still contained 
2 to 3 mg. of trichloracetate/100 ml., which was carried entirely in the plasma. 

1 With a grant for expenses and assistance from the Medical Research Council. 
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The amount of trichloracetate in the urine decreased correspondingly. At 
the end of the tenth day approximately 75 per cent of the total amount injected 
had appeared in the urine. The data obtained from two patients who received 
1.8 and 3 g. of sodium trichloracetate respectively are summarized in figures 
1 and 2. 


TABLE 1 


Distribution of trichloracetate in plasma and extracellular fluid 


TIME l 

TRICHLORACETATE COtfCEKTRATTOV 

TOTAL TRICHLOR- 
ACETATE 

CALCULATED 

EXTRACELLULAR 

Blood j 

Plasma-water | 

TLULD 

Patient 1. Weight 45.6 Kg Haematocrit 39%. 1.7 g. sodium trichloracetate injected 

hours 

mg /t00 ml 

mg./ 100 ml. 

t 

hires 

10 

8.0 

14.0 

1.51 

10.8 

34 

5.7 

10 0 

1.24 

12.4 

58 

4.4 

7.7 

1.00 


82 

3.5 

6.1 

0.77 

12.6 

106 

2.8 

5.0 

0.64 

12.8 

130 

2.4 

4.2 

0 . 54 

12.9 

154 

2.1 

3.7 

0.46 

12.4 

Mean. 

= 27% body weight 

12.4 

Patient 2. Weight 48 2 Kg. Haematocrit 40% 2 9 g. 

Bodium trichloracetate injected 

34 

10.2 

17.9 

2 00 

m&m 

58 

7.8 

13.6 

1.64 


82 

6.2 

10.8 

1.30 


106 

4.8 

8.4 


Mite -1 - 

130 

4.0 

7.0 

| 0.98 

KB'- 

Mean 

= 26% body weight 

12.4 

Patient 3. Weight 64 Kg Haematocrit 45%. 1.8 g. 

sodium trichloracetate injected 

34 

6.5 

11.9 

1.36 


58 

5.0 

9.5 

1.02 


82 

4.4 

8.3 

0.91 


106 

3.2 

6.1 

0.80 

K 1/ 

Mean . 

“ 18% body weight 




11.6 


Discussion. The trichloracetate ion does not penetrate into the red cell, 
and is therefore probably distributed throughout the body in the extracellular 
fluid. Assuming that the distribution is uniform, it should be possible to calcu- 
late approximate values for the extracellular fluid volume from the amount of 
trichloracetate remaining in the body and the concentration of trichloracetate 
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In figure 3, the curve drawn is that given by 

2 — Q.00S5* , 1 -0.131 

C= 3 6 + 3 6 

•which was derived by trial and error. This expression fits the experimental 
results reasonably well. 


SUMMARY 

The excretion of sodium trichloracetate after intravenous injection is slow. 
Approximately 75 per cent of the amount injected has appeared in the urine 
by the tenth day after the injection. An expression can be derived theoretically 
which will fit the time/blood concentration curves. 

There are indications that the trichloracetate ion is distributed throughout 
the body in the extracellular fluid. 
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in the plasma- water. Taking the results given in fig. 1, and calculating the 
extracellular fluid volume at 10 hours and then at 24-hourly intervals, we obtain 
values between 10 8 and 13.0 litres, with a mean of 12.4 litres. The results in 
figure 2 give values between 11.2 and 14.0 litres, with a mean of 12.4 litres 
(table 1). These values represent 27 per cent and 26 per cent respectively 
of the total body weight. The results obtained from a third patient are also 
given in table 1 — here the calculated extracellular fluid volume is rather low, 
18 per cent of the body w r eight. These values agree fairly well with those 
obtained after injection of bromides by Winkler and Smith (1938) and Brodie, 
Brand and Leshin (1939). In the other three patients, unfortunately the 
amounts of trichloracetate given were not accurately measured, so that here it 
was not possible to calculate values for the extracellular fluid volume. 



Hov* afar tnjtttiars 

Flo. 3. Blood Concenthations of Sodium Tbichlokacetate in Six Patievts afteb 
Intbavenous Injection of I 5 to 3 g 

The shape of the excretion curve is essentially the same for each patient, as 
is shown in figure 3, where blood concentrations are expressed as percentages 
of the concentration found 5 minutes after the injection. The experimental 
points show considerable scatter during the first few hours after the injection. 
It is probable that a more uniform set of data would have been obtained with 
a shorter, or at least a standard, injection period. 

The experimental results cannot be represented by a simple exponential 
expression, even after the initial steep decline. By assuming a first order rate 
of excretion and of transfer between blood and tissues, an expression of the type 

c = He“ + Je^‘ 

can Ire derived theoretically (Teorell, 1937), to give the decrease of blood con- 
centration c, with time t. Here, H, J, a and P are factors which contain the 
velocity-constants of the diffusion processes involved. 
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The preparation used both orally and parenterally was 2-methyl-l ,4 naphtho- 
hydroquinone diphosphoric ester tetra sodium salt (Synkayvite). For oral 
administration 25 mg. tablets and for parenteral medication 2 cc. ampuls contain- 
ing 38 mg./cc. were employed. Both forms were specially prepared. 

Oral treatment was given to 14 patients of whom 13 were hypertensive and one 
served as control. Each subject received 25 mg. of the hydroquinone a day for 
periods varying from 3-6 weeks (average 4 weeks). The total amounts adminis- 
tered per patient ranged from 525 mg. to 1050 mg. 

The parenteral form of the vitamin K-like compound was given intravenously 
to nine patients of whom seven were hypertensive and two had normal blood 
pressure. Four hypertensive subjects and the two normal controls received 
individual injections, 38 mg. each, either daily or on alternate days, for four to 
eight doses. Three hypertensive cases were given massive single doses, 152 mg. 
each. The total amounts administered parenterally per patient ranged from 
152 mg. to 304 mg. 

The 19 subjects had 23 separate courses of the drug with four hypertensive 
individuals being changed from oral medication to parenteral therapy. The 
results were as follows: 

Oral group 

13 Hypertensive cases 
Four (E) responses (2 males, 2 females) 

Two (F) responses (1 male, 1 female) 

Seven (N) responses (3 males, 4 females) 

1 Normal control 

One (N) response (male) 

Parenteral group 

A . Individual intravenous injections 

4 Hypertensive cases 

Two (E) responses (2 females) 

One (F) response (male) 

One equivocal response (male) 

2 Normal controls 

Two (N) responses (1 male, 1 female) 

B. Single massive intravenous injection 

5 Hypertensive cases 

One (E) response (male) 

Two (N) responses (1 male, 1 female) 

Discussion of results. In the group of thirteen hypertensive patients re- 
ceiving Synkayvite by mouth there were four (E), two (F), and seven (N) re- 
sponses. The blood pressure of the normal control was not affected by oral 
medication. 

In four hypertensive^ subjects receiving Synkayvite intravenously there were 
two (E), one (F), and one equivocal response. In the latter patient there had 
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In the course of our investigations of the effects, other than those upon the 
prothrombin-producing mechanism, of antihemorrhagic quinones, it was noted 
in several subjects with chronic hypertension, that the blood pressure became 
reduced after administration of large doses of vitamin K-like quinone. It was 
decided consequently to determine whether these drugs possessed antipressor 
activity. 

Material, procedure and observations. The clinical material at the 
Goldwater Memorial Hospital is especially suited for such work because all of the 
cases are of the chronic type, and have been under supervision for many months 
during which periods their respective blood pressure curves had been well es- 
tablished. 

Nineteen patients constitute the present series. Seventeen of these had hyper- 
tension of at least several years’ standing. Two of the latter had associated heart 
block with Adams-Stokes syncope. In fifteen the diagnosis was essential hyper- 
tension. The remaining two patients were normal from the standpoint of the 
cardiovascular-renal systems and their history did not reveal any past significant 
elevation of the blood pressure. These two patients served as controls. 

Measurements of the blood pressure were made almost daily by the same 
observer (N. R.). The terminal change of sound (fourth phase) was used as the 
point of diastolic reading. Averages for a control period were made after a 
minimum of eight, and usually more days of observation. Despite the 
frequently emphasized statement that large variations in pressure fluctua- 
tions are common in hypertensive patients from day to day, it was found that the 
mean pressures over two control periods in the same person approximated each 
other to a striking degree, especially the diastolic component. It is important 
to note that all of the patients used in the present study were either bed-ridden 
or chair-ridden. A few were allowed to move about the ward and to visit the 
lavatory, but the overall picture was that of a group of individuals with remark- 
ably constant day to day habits and limited activities. The criteria of significant 
deviations were made sufficiently rigid to exclude the possibility of merely fortui- 
tous variations being responsible for positive findings. 

Arbitrarily the following criteria were decided upon for the evaluation of the 
results. A fall of thirty millimeters of mercury in the average systolic readings 
or one of eighteen millimeters for the diastolic pressure was classified as an excel- 
lent (E) response. A reduction of twenty millimeters in the average systolic or 
ten millimeters in the average diastolic pressure was classified as a fair (F) 
response. Less than these values were considered as a non-response fNV 
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currence of the acute venous thrombosis nor did any other thrombosis become 
evident. Thus, it is our experience that administration of antihemorrhagic 
quinone at high dosage levels is without danger of thrombosis even in subjects 
within the sclerotic age, and who have recently had thromboses. 

Symptoms of hepatic demage such as icterus or biliuria did not appear in any 
of the cases. Renal function studies including the blood urea nitrogen, urinary 
concentrating capacity and search for the appearance of abnormal constituents 
in the urine yielded no deviations from the premedication status. The cytology 
and hemoglobin content of the blood remained unchanged. The ventricular 
rate was unaffected. The hematocrit values showed no significant alterations. 

The mechanism of the antipressor action of the drug is at present within the 
realm of conjecture. It is not a rapidly acting vasodilating agent. This is 
adequately demonstrated by the fact that there was no reduction of blood pres- 
sure when measured every few' minutes or even hours after a large intravenous 
dose. The possibility that a degradation product of the naphthohydroquinone, 
or possibly a conjugation product or some other compound liberated by the partic- 
ular metabolism of this substance within the organism, might be responsible for 
the depressor effect is supported by the latent period which invariably elapses 
before antipressor activity becomes manifest. Attention is drawn at this point 
to a theoretical consideration of similar effects exerted by oxidation products of 
pressor amines recently presented by Oster (2) and applied by others (3) (4). 
We are attempting to establish whether or not products possessing antipressor 
activity are excreted in the urine after the administration of vitamin K-like 
compounds (5). 

The antipressor activity of the drug seems to be independent of its pro- 
thrombin-promoting action. Prothrombin times estimated in both the whole 
and the diluted (12.5%) plasma were carefully studied in all of the patients and 
no parallelism between these and the blood pressure changes could be detected. 
Dicumarol in adequate doses when given before or after the synthetic vitamin K 
radically altered the prothrombin-clotting times but presented no evidence of 
causing any aberration of the blood pressure responses. 

Little can be said at this time of the possible alleviation of any of the common 
symptoms or sequelae of vascular hypertension. Three of the patients who com- 
plained of moderate headaches were relieved after reduction of their respective 
blood pressure levels. One other patient who revealed a favorable response 
suffered accentuation of her headaches following intravenous injection of large 
doses of the drug. 

It is still undecided whether the elevated blood pressure is cause or effect in 
this disease process. Consequently, whether prolonged antipressor effect capable 
of continued reduction such as herein described is symptomatic or fundamental 
therapy is an important question awaiting further elucidation. 

Although the present series is not large, nevertheless, the favorable responses 
observed in some cases of chronic and fixed hypertension appeared striking 

enough to warrant this report. 
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occurred a significant reduction in blood pressure after Synkayvite orally and the 
lower tension was maintained when parenteral therapy replaced the oral medi- 
cation. Later, however, the blood pressure rose to a higher level after the drug 
was withdrawn. Two cases with normal arterial tension showed no alteration 
in blood pressure after intravenous injection of the antihemorrhagic compound. 
Three patients given single massive doses intravenously revealed the following 
responses: one (E) response in the systolic phase only and two (N) responses. 
Three hypertensive cases which disclosed (N) responses after oral administration 
showed (E) responses when they were later given the drug intravenously. 

The best results in reducing blood pressure seemingly attended intravenous 
administration. The doses given were arbitrary ones; the optimal therapeutic 
dose and the optimal maintenance dose remain to be determined. Although a 
dose of 38 mg. per day parenterally was found to be effective in most cases, we 
believe lesser quantities will prove adequate in the majority of instances. It 
appears that the susceptibility of the patient is of greater importance in deter- 
mining his response than the magnitude of the dose administered since both 
excellent and negative results w ere observed with the smallest as w'ell as with the 
largest quantities used. Normal blood pressure was not altered by the drug 

Reduction in vascular tension, when it occurred, became evident only after a 
latent period of at least one but generally more days. If in patients who had 
responded favorably the administration of the drug was halted, the pressure 
usually rose but rarely to the initial level. In those instances in which the drug 
was without effect discontinuance of therapy was follow ed by no alteration in the 
established hypertension. Occasionally there was noted an indication of a re- 
lease phenomenon : after having descended, the pressure rose despite the continua- 
tion of the drug, but the level of the mean pressure which prevailed during the 
premedication control period, was rarely reached. Another interesting change 
was a greater mobility of the day to day blood pressure readings after the therapy 
w'as commenced as compared with the daily values obtained during the control 
period. These latter readings were more constant as demonstrated by an almost 
horizontal line generally obtained when the premedication findings were plotted. 

As a consequence of the therapy the prothrombin time was reduced in a num- 
ber of instances to hyperprothrombinemic levels. Despite this, none of the cases 
yielded evidences of thrombotic phenomena. Identical experiences in animals 
and man were described in an earlier report of this series (1). The implication is 
that in addition to mere augmentation of the coagulability of the blood other 
factors are essential to induce intravascular thrombosis. An extensive clinical 
experience supports this thesis and the following observations serve to illustrate 
it. A forty-year old male presented an acute venous thrombosis involving the 
left saphenous tract. Marked reactive hyperprothrombinemia was demon- 
strated. Dicumarol therapy was followed by rapid subsidence of the acute 
process and eventually by restoration of the prothrombin time to normal. An 
intravenous injection of forty milligrams menadione bisulfite was given a fort- 
night- later. The prothrombin time returned to and remained at the initial 
hyperprothrombinemic lex el for three days However, there was neither re- 
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In view of the possibility of -synthetic cinchona alkaloids becoming available, 
it seemed that a survey of the metabolism and relative antimalarial activities 
of the alkaloids and their modifications would be helpful in planning future 
chemical research. The work described here was designed to investigate the 
problem of how far the absorption, red blood cell and plasma concentrations 
and rates of destruction of a group of cinchona alkaloids and derivatives could 
be correlated with their antimalarial activity in chicks infected with Plasmodium 
gallinaceum. 

Buttle, Hemy and Trevan (1) and Buttle, Henry, Solomon, Trevan and 
Gibbs (2) have compared the antimalarial activities of a large number of cinchona 
derivatives against malaria infections in canaries. Seeler, Dusenberg and 
Malanga (3) compared the activities of the four natural alkaloids against infec- 
tions of P. lophurae in Pekin ducklings. 

Determinations of the distribution of quinine in the tissues of the adult fowl 
have recently been made by Kelsey, Oldham and Geiling (4). Fulton (5) and 
Hegner, Shaw and Manwell (6) determined the partition of quinine between red 
cells and fluid medium by suspending washed red cells in physiological saline 
containing the alkaloid. 

Ramsden, Lipkin and Whitley (7) first recognized the liver as the chief centre 
of metabolic destruction of quinine. Lipkin (8) showed the reaction to be an 
oxidation process, and extracted from liver tissue an enzyme which promoted 
the reaction. The distribution of “quinine oxidase” in the tissues of a number of 
animals, including the domestic fowl, has been investigated by Kelsey and 
Oldham (9). 

Materials. 1 . Cinchona alkaloids. The following alkaloids and derivatives 
were used in the investigations: I. Quinine (l) and quinidine (d ) ; II. cincbo- 
nidine (1) and cinchonine (d); III. modified alkaloids, niquine (l) and niquidine 
(d); IV. saturated products, dihydroquinine and dihydroniquidine. 
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CONCLUSIONS 

A significant reduction in blood pressure occurred in about fifty percent of 
fifteen cases of chronic hypertension of the essential type following the oral or 
intravenous administration of 2-methyM ,4 naphthohydroquinone-diphosphonc 
ester tetra sodium salt (Synkayvite). 

Acknowledgment: The preparation used in this study, 2-methyl-l,4 naphtho- 
hydroquinone diphosphoric ester tetra sodium salt (Synkayvite), was supplied 
by Dr. Leo A. Pirk of the Hoffmann-La Roche Company, Nutley, New Jersey. 
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The mixture was incubated for 2 hours at 40°C., with occasional stirring. Enzyme activity 
was then arrested by adding 20 ml. of 4 percent NaOH and heating on a steam bath, followed 
by extraction of the unchanged alkaloid. 

(e) Extraction of alkaloids from biological material . Blood or plasma samples were 
diluted with 50 ml. water. 20 ml. 2 per cent NaOH was added and the mixture heated on a 
steam bath for 30 min. Tissue samples (gut) were heated in 2 per cent NaOH (50 ml. per 
5 g. of tissue) until completely disintegrated. Tissue suspensions (liver) were heated until a 
clear solution was obtained. The alkaloid was then extracted by the modified method of 
Kelsey and Geiling (14) described by Marshall and Rogers (15). The final acid extraction 
was made with HC1 or HjSOr, according to the method of determination of the alkaloid. 

Difficulty was experienced in the extraction of niquine. It was found that if niquine 
was heated with 2 per cent NaOH in the presence of biological material, either fresh or 
previously heated with the soda, 5(1-80 per cent of the alkaloid was lost. If, however, the 
niquine was added to cold NaOH in the presence of fresh or previously heated biological 
material, and extracted without further heating, all the alkaloid was recoverable. A “cold 
extraction” procedure was therefore evolved for all determinations of this alkaloid. Blood 
or plasma samples were diluted with 50 ml. water in a separating funnel. 20 ml. 2 per cent 
NaOH and 2 ml. acetone were added, and the mixture extracted with 50 ml. ether without 
previous heating. A troublesome gel formed when whole blood was used, but this was 
removed by swirling the funnel to aid separation of the phases. The lower viscous layer 
was run off a little at a time, taking care that no bubbles of ether were entrapped. Gut 
was ground in a mortar with broken glass, suspended in water sufficient to produce 245 ml. 
and 5 ml. 0.1 N HiSO< was added to keep the alkaloid in solution. 10 ml. of this suspension 
was extracted as above. For liver suspensions, an equal volume of 4 per cent NaOH was 
added and the mixture extracted as for blood. 

(f) Determination of alkaloids. Three methods of determination were employed, de- 
pending on the properties of the particular alkaloid and the amount expected to be present 
in the extract. 

(i) Fluorimelric method. Used for determination of fluorescent alkaloids in blood and 
plasma. The washed ether extract was extracted with sufficient 0.1 N H;SO< to produce 
a final concentration of about 10ng. of alkaloid in 5 ml. Since a photoelectric fluorimeter 
was not available, a comparator for visual determination was designed, using an ordinary 
mercury vapour lamp. The alkaloidal solution was placed in a tube before a U.V. 
glass window, and a standard solution of the alkaloid added drop by drop to a second 
tube containing an equivalent volume of 0.1 N HjSOi, until the two fluorescences nearly 
matched. A volume of H.SO< equivalent to the volume of standard was then added to 
the firBt tube before running in the last few drops to produce an exact match. Using 
a standard solution containing 1 gg. alkaloid per ml., the difference in fluorescence 
produced by 1 drop (i.e. about 0.05 ng. alkaloid) could be detected. 

(ii) Nephelometric method. Used for determinations of all alkaloids in gut and liver 
suspensions, in which comparatively large amounts were present. The ether extract 
was extracted with 10 ml. 0.03 N HC1, and the determination carried out according to the 
method of Kyker, Webb and Andrews (16). This method was not sensitive to less than 
10 ng. of alkaloid. 

(iii) Colorimetric method. Used for determination of nonfluorescent alkaloids (cincho- 
nine and cinchonidine) in blood and plasma. This method (Marshall and Rogers (15)), 
designed to meet the demands of the present investigation, was a modification of Frud- 
homme’s (17) cosin method, using bromothymol blue instead of eosin. The method was 
sensitive to 0.25 ag. of alkaloid. 

(g) Accuracy of methods employed. In order to sec whether the three methods of deter- 
mination described above gave comparable results, a scries of known concentrations of 
quinine was prepared, and the alkaloid content determined by each method. The results 
(table 1) show that the methods compare favourably with each other within their limits of 
sensitivity. 
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The preparation and structural formula for niquine and niquidine (III) have 

6 j lenry and Gibbs (10, II) and Solomon (12). Samples of all 
the alkaloids used were kindly supplied by Dr. T. A. Henry. 

mT be Ch ' CkS US6d "' ere of a constant st rain, Rhode Island Red x 
} ,? X ‘ , " ererece i v ed when one day old and used for antimalarial 

or absorption tests when 7-21 days old (50-100 g. weight). 

, asr dodium strain. For the antimalarial tests, chicks were infected with a 
tram of Plasmodium gallinaccum, kindly supplied by Dr. F. Hawking of the 
Aational Institute for Medical Research, Hampstead. 

of C **>r m T- (a) Admi ^lration of drugs. A single oral dose 

solved in distilled n , ® se P er ^Em- body weight was given. Alkaloidal salts were dis- 
with tat^r Th d ^ aSeS ln 8 minimum amoun ‘ of N HC1 and made up to final volume 
Leordint n 7 IT* contained 0.25 per cent w/v of base. Doses were adjusted 
farce bore neerf^vnf'fh “"V"® in ‘ r0duced into the crop from a syringe fitted with a 

if each nofet d ^ P °, f moothed down - bird was used for the determination 

Of each point on the concentration-time curves. 

t Jr!T7 <>0n 0f a ii al0ids from the gut - Chicks were killed by ether vapour at varying 

r : terd S ^ E nrr T r hC r tire ? Ut ’ fr0m oeso Pb®Eus to cloaca, was removed and dropped 
into 2 per cent N aOH for determination of unabsorbed alkaloid 

(c) Concentration of alkaloids ,n the blood. Chicks were given doses of alkaloid, killed by 
ether vapour at varying intervals, and samples of heart blood were removed. Potassium 
oxalate uaa used to prevent clotting. 0 5 to 1 ml. of whole blood was taken for determina- 
tion of alkaloid content, and a small sample for determination of haematocrit value. The 
remainder was centrifuged and 0 5 to 1 ml samples of plasma were taken for alkaloid 
determination. The concentration of alkaloids in the red cells was calculated by difference 
between uhole blood and plasma values, and expressed as mgm per 100 ml of red cells, 
according to the haematocrit \*alue of the sample. 

(d) Destruction of alkaloids by the liver Normal chicks were killed without anaesthetic 
by a blow on the head The liver was removed, weighed, and ground to a smooth cream 
in a mortar. The ground tissue was suspended in Krebs and Henseleit’s (13) physiological 
saline solution, strained through muslin, and adjusted to contain 0.5 g. of tissue per 10 ml. 
To each 10 ml. was added 100 jig of alkaloid, in 1 mi of solution, and 9 ml. of saline solution. 
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was “destroyed” by chick liver suspensions to a greater extent than the other 
alkaloids. Cinchonine and cinchonidine were not destroyed at all. 

2. Anlimalaria experiments. In order to allow for variance in the magnitude 
of the peak infections of control birds, the percentage of red cells parasitized in 
each treated bird was deducted from the mean percentage cells parasitized in the 
control group. The difference was called the percentage reduction of infection. 
The results obtained are shown in table 2. Dose-effect curves were constructed 
by plotting mean percentage reduction of infection against log. dose (figs. 2A 
and 2B), and the dose required to produced a 50 per cent reduction of infection 
was determined. This value was used in expressing the “quinine equivalents” 
of the alkaloids. It must be borne in mind, however, that these equivalents do 
not fully represent the relative potencies because the dose-response curves are 
not all parallel. 

The quinine equivalents (table 3) show dihydroquinine to be the most efficient 
alkaloid in suppressing infections of P. gallinaceum, with cinchonine and niquidine 
next in descending order. Niquine was the least effective. All the alkaloids, 
excepting niquine, were more effective than quinine. 

Discussion. Very little work has been done on the metabolism of cinchona 
alkaloids and their derivatives in chicks, and in most cases investigations have 
been limited to quinine. In their determinations on the distribution of quinine 
in the tissues of the fowl, Kelsey, Oldham and Geiling (4) used adult birds and 
gave doses of quinine greatly in excess of the dose required to suppress infections 
of chicken malaria. Indeed, the 400 mgm. per kgm. dose used by these workers 
approached the toxic level (Boyd (18) reports an oral M.L.D. for quinine HC1 
in canaries of 400 mg. per kgm.) In the present work, a standard dose of 50 
mgm. per kgm. of all alkaloids was used in the experiments on absorption and 
blood concentration. This dose was approximately the minimum dose of 
quinine required to clear completely the peripheral parasitaemia in P. gallinaceum 
infections. Young chicks of similar age to those used in the antimalaria tests 
were used for all metabolism experiments, including those on destruction of 
alkaloids by liver suspensions. Thus, the conditions under which both the 
metabolism and the antimalarial experiments were carried out were as nearly 
identical as possible. The importance of using birds of similar age in these 
comparative experiments is shown by recent investigations in these laboratories 
(19) which indicate that quinine is “destroyed” more rapidly by suspensions of 
young chick’s liver than by liver suspensions from older birds. This explains the 
observation of Oldham ct al. (20) that lower concentrations of quinine were 
found in the tissues of chicks than in tissues from grown birds. These workers 
(20, 21) were unable, however, to demonstrate any “quinine oxidase” activity 
in chick liver. 

Previous *work on the passage of cinchona alkaloids into the red cells has in 
most cases (5, G) been done by suspending the cells in physiological saline con- 
taining the alkaloid. This procedure cannot be expected to give a true picture 
of the distribution of alkaloid between plasma and red cells since it does not take 
into consideration “vital” processes (as distinct from simple osmosis) which 
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Experiments on the recovery of alkaloids added to biological material showed that, 
provided standard curves prepared under similar conditions were used, recoveries were 
in most cases within ±5 per cent. 

2. Antimalaria experiments. Blood from a chick heavily infected with Plasmodium 
gallinaceum was diluted with physiological saline containing 0.1 per cent. "Liquoide" 
(sodium polyanetholsulphonate — Roche) as anticoagulant. The dilution was adjusted to 
contain 100 million parasitized red cells in 0.2 ml. Groups of chicks were inoculated intra- 
venously each with 0.2 ml. of blood suspension. Doses of alkaloids in solution were given 
orally immediately after inoculation, and were repeated twice daily for four days. A 
range of three or four different doses was given for each alkaloid. Antimalarial activity 
was assessed on the fifth day (on which control birds reached a peak peripheral infection) 
by comparison of the percentages of red cells parasitized. 

Results. 1 . Metabolism experiments. The results of the determinations of 
rates of absorption and blood concentrations are shown graphically in fig. 1. 
The concentrations of alkaloids in the red cells are expressed numerically in 

TABLE 1 


Range of sensitivity and accuracy of recovery of quinine by three analytical methods 


AMOUNT 01 QUININE ADDED 

AMOUNT or QUININE TOUND friG.) 

Fluorimetric method 

Nephelometric method 


«• i 

| 



0.07 

0.068 

Nil 

0.11 

0.15 

0.152 

Nil 

0.31 

0.4 

0.400 

Nil 

0.40 

0.8 

0.79 

Nil 

0.70 

3.6 

3.5S 

Nil 

3.50 

17 

18.0 

14.0 

17.8 

38 

40.0 

40.0 

38.0 

105 

107 

106 

101 

18S 

190 

1S4 

190 


table 3 as the areas enclosed by the red cell concentration-time curves up to 
the time when the concentration reached zero. (Where the last determined 
point was not quite zero, the curve was produced to meet the baseline and the 
total enclosed area -determined). Table 3 also shows- the relative rates of 
absorption from the gut and rates of destruction by suspensions of chick liver. 
All the values for destructions were obtained from the same liver sample. 

Cinchonidine and dihj-droniquidine were the most slowly absorbed alkaloids, 
while quinidine was the most rapidly absorbed. The blood concentration curves 
of the four natural alkaloids were characterized by a sharp peak in the red cell 
curve one hour after the dose. Niquidine and dihvdroniquidine showed the 
most prolonged blood concentration curves. Comparing the areas enclosed by 
the red cell concentration-time curves, which takes into consideration the 
length of time the concentration was maintained, dihvdroniquidine showed the 
highest concentration, followed by quinidine and cinchonine. Xiquine appeared 
in the red cells only during the first half hour after administration. Quinine 
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Pig. 1. Metabolism or Cinchona Alkaloids in Chicks 

(a) Blood concentration curves. Continuous line, whole blood, broken line, red cells. 

(b) Rate of absorption of alkaloids from the gut. 
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Fig. 2A. Antimalarial Action op Natural Alkaloids 



Fig. 2B. Antimalarial Action of Cinchona Derivatives 


TABLE 3 

Summary of results of metabolism and anlimalanal experiments 


ALKALOID 

ANTIMALARIAL 

ACTIVITY 

(quinine 

EQUIVALENT) 

PEE CENT 
ALKALOID 
ABSORBED 
PROM CUT 
ATTES 2 SOURS 

CONC ALKALOID 
IN BED CELLS 
(abea or 
CONC -TIME 
GRAPH) 

pc ALKALOID 
DESTROYED BY 
0SC, CHICK 
LIVER IN 

2 HOURS 

Quinine (!). 

1.0 

62 

150 

77 

Quinidine (d) 

1.6 

92 

422 

35 

Cincliomdine (i) 

1.5 


291 

2 

Cinchonine (d) . 

1.9 


327 

0 

Niquino (i) 

0.3 


5 

3$ 

Niquidine (d) 

1.7 


285 

46 


Dihydroquminc (I) 
Dihydroniquidine (d) 


2.0 


73 

50 


6S 

723 


28 

34 
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probably influence the distribution of alkaloids in vivo. All our determinations 
of red cell concentrations were therefore made on freshly drawn blood from birds 
given oral doses of the alkaloids. 


TABLE 2 


Results of anlimalarial experiments 


ALKALOID 

DOSE 
(8 DOSES 

given) 

no. or 

BJKDS 

MEAN 

REDUCTION 

or 

INFECTION 

DOSE TO 
CAUSE 50% 
REDUCTION 

maximum 
slope or 

CURVE 


mg jkgm. | 


Per cent 

mg./kgm. 


Quinine (Z) 

5 

39 

14.6 




10 

41 

32.8 

13.0 

190 


20 

38 

83.6 



Quinidine ( d ) 

5 

15 

17.3 




10 

14 

66.6 

8.1 

190 


20 

15 

91.0 



Cinchonidine (Z) 

2.5 

4 

4.8 




5 

21 

26.5 

8 4 

110* 


10 


57.0 




20 


81.4 


sm 

Cinchonine (d) 

2.5 

5 

6.4 1 

■ 

■ 


5 

16 

28.5 

Wrf 

■ 


10 

16 

83.6 

in 

mm 


20 

15 

99.6 

1 

M 

Niquine (Z) 

20 

9 

21.6 




40 

13 

50.4 

40.0 

140* 


80 

12 

92.2 



Niquidine (ci) 

2.5 

5 

8.8 




5 

12 

21.2 

7 7 

210* 


10 

13 

71.7 



, 

20 

13 

98.1 



Dihydro quinine (2) 


|jBS 

9.0 






29.0 

6.6 

190 




81.1 






100.0 



Dibydroniquidine (d) 

5 

21 

19.8 

M 



10 

23 

61.1 

mu 

190 


20 

17 

99 5 

wm 



* Slopes differ significantly. 


The use in these investigations of three entirely different methods of determina- 
tion of alkaloids might be open to criticism. The reasons for this were (a) that 
the small blood samples from young chicks and the small dose of alkaloid given 
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SUMMARY 

1. Determinations of the rate of absorption from the gut, red cell concentra- 
tions and antimalarial activity in chicks of the four natural alkaloids of cinchona 
and four derivatives showed that antimalarial activity was, in most cases, 
correlated with rate of absorption and red cell concentrations. 

2. In three optically active pairs of alkaloids, the d-isomers showed a greater 
rate of absorption, higher red cell concentrations and higher antimalarial activity 
than the Z-isomers. 

3. The rate of “destruction” of the alkaloids by chick liver suspensions was 
not related to optical configuration. Cinchonine and cinchonidine, unlike the 
other alkaloids, were not metabolized at all. 

4. Saturation of the double bond in quinine doubled the antimalarial activity. 
Dihydroniquidine, however, showed no greater activity than niquidine. 


The author is indebted to Mr. L. G. Goodwin for the determinations of anti- 
malarial activity in chicks and advice on the presentation of the results of the 
antimalarial tests. Thanks are also due to Mr. J. M. Judd for valuable assistance 
in the antimalarial tests and to Mr. E. W. Rogers for initiative in adapting and 
evising methods for micro-determination of cinchona alkaloids. 
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a e i neoessarj to use the more sensitive fluorimetric method for blood con- 
cen ra ions, ( ) t at none of the liitherto published non-fluorimetric methods was 
u Clen _> sensitive to determine the blood concentrations of cinchonine and 
ln ? 1°,°' , e ’ or w , !C ^ ^ ' vas necessary to devise the new colorimetric method; 
. . c a e ne P eionietric method was the most convenient where compara- 
fUpIy, ar ® 6 n " 10I , intS c 0f a ^'aloid were present. Reference to table 1 shows that 
ree me 0 s o analysis were equally accurate within the limits in which 
,, C , em P oje .. It should be noted that one method of extraction of the 
alkaloids from biological material was used throughout. 

(t n °/i resu ^ s ^ le metabolism and antimalaria experiments 

•x. S °" s a ’ generally speaking, antimalarial activity can be correlated 

, . the rate of . afas ' ,r ption and red cell concentrations of the alkaloids. Of the 

ahsnrhZ^Z P T 0 I!atura * c ' n °hona alkaloids, the dextrorotatory isomers were 

* rom . 1( ! lnore ra Pidly, produced higher red cell concentrations and 

x- ? Te . ac n e y antimaiarial than the laevorotatory isomers. The deriva- 

thr> f C|UinC an nlc l u ‘dine behaved similarly except, that the absorption from 

of the rr‘; iP , ld * n tilG ^' somcr > mquine. The rate of “destruction" 

t),„ . I, ® n er appears not to be influenced by optical configuration, 

metZ Lj ZZ u Z'™ b ° ing that cinchonine cinchonidine were not 
metabolized at all by hver suspensions. 

irr^l? tW n% d / eriV ^ iVes ’ dil'ydroquinine and dihydroniquidine were more 
S ih Z y Z 0qUlnmV ' VaS the most effective antimalarial of the whole 
nrn nnr/ w ? T concentration in the red cells was relatively low. From the 
ES tZf concentration produced by dihydroniquidine, it would have 
been expected to possess a higher activity. 

r n U ^ S Z ^ . antimalarial tests upon chicks were not in agreement with 
hn,k P Ro| f p ™™ us workers, using other species of plasmodium and other 
iw U .. 6 ’ et n ^' (0 reported that there was no obvious relationship 

four natural Tr ao * vitj ’’ a “ d antimalarial action, though they found that, of the 
surnriLT f ^ ah J ldS ’ the ^ lsomers ' vere more active. Buttled al (2) expressed 
S^?pr" />t ~ iSomer ’ niquidine, was more active than the /-isomer, niquine. 

\ x ‘ , reported that there was no appreciable difference inactivity 

dnlZ. ni° Ur ^ natUral a ! kaioids tested gainst P. tophurac infections in 

firm rmrf r'rc-t -Zt- LSC ^ c P anc ' es might be explained by different rates of absorp- 
tion and distribution of the alkaloids in different hosts 

the results of these investigations show that efficiency of the alkaloids of 
i c mna an some of their derivatives in suppressing infections of P. galhnaccum 
n c iic a is go\ erne to a large extent by their respective rates of absorption and 
) o concen rations. Of isomeric pairs tested, the d-isomers are more effective. 
Quinine is among t le east effective of the cinchona antimalariais. Cinchonine 
and cinchonidine probably owe their high activity partly to the fact that they 
are not metabolized by the “quinine oxidase” of the liver. Saturation of the 
double bond to produce dihydro-derivntives probably increases the antimalarial 
activity of the /-isomers. 
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chow containing 13 micrograms of iodine. The rats, of mixed sexes, weighed 
275 gr ams on the average. After twenty-three days of such treatment, each 
group of animals was changed to a diet containing the same basic dog chow plus 
another drug, or iodide, or a combination of the two. At appropriate intervals 
thereafter, individual animals were sacrificed over the course of three weeks. 

The various groups of animals studied are listed in the following description 



PRELIMINARY PERIOD 
ON THIOURACIL 


TEST PERIOD 


Fig. 1. Schematic Summary of the Experiments Reported Herewith, Based upon the 
Weight of Fresh Thyroid 

The preliminary period of thiouracil treatment has been broken to save space. Further- 
more, the right-hand portion of the diagram has been distorted to avoid crowding. Actu- 
ally the solid portions of the lines should be horizontal at the level of the respective means. 
These solid lines statistically all have slopes which are indistinguishable from zero and 
from each other’s slope. 

of the cx-perimental procedure. From each rat the thyroid was removed and its 
iodine constituents studied. In addition, in selected instances, the pituitary and 
the circulating plasma “hormonal” iodine were also studied. In this way the 
respective effects of the several drugs upon thyroidal iodine could be determined. 
An important feature of the present study is that heavy dosage was employed. 
In this way borderline effects would be avoided. 

The experimental plan can be visualized readily from fig. 1 . 

Experimental procedure. The animals were divided into seven experimental groups 
ns shown in the following schedule. Each animal consumed approximately ]5 grams daily 
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INTRODUCTION 

Recent work on sulfanilamide derivatives (1) and thiourea substitution prod- 
ucts has stimulated renewed interest in the internal mechanisms of thyroid 
physiology. Astwood and his co-workers (2) after studying several hundred 
chemical compounds, have reported to date none with a greater therapeutic index 
than thiouracil. Likewise, McGinty and Bywater (3) are studying in detail 
many other derivatives, as indeed are several other laboratories (4). The 
mechanism of action still remains obscure and merits further study: because such 
investigation will not only contribute towards fundamental thyroid physiology 
but will also elucidate the mechanism of action of these compounds when used 
as drugs. It is the purpose of this communication to report, first, upon the 
effect of thiouracil and thiocyanate on the nature of iodine within the thyroid 
gland; and secondly, upon the interaction of iodide with these goitrogenic 
agents.’ 

Several contributions to this subject have already appeared, notably by 
Astwood and Bissell (5) and by Rawson, Tannheimer and Peacock (6). Al- 
though such work has contributed materially to an understanding of the action 
of the goitrogenic drugs, two technical difficulties have prevented altogether 
satisfactory pursuance of the problem. The first of these difficulties was the 
lack of methods adequate for the analysis in a single gland of a small animal, of 
the various iodine sub-fractions which represent chemical stages in the natural 
biosynthetic sequence. The second difficulty, encountered with the use of radio- 
iodine, was the danger of an “exchange reaction” (7), which would obscure the 
partition of iodine among the several chemical combinations thereof. The 
development of catalytic methods (S, 9) now permits a more satisfactory study 
of iodine metabolism by describing the partition of iodine-containing fractions 
in the thyroid of a single mouse or rat. 

Experimental plan. In the major portion of this work the experimental 
animal selected was the adult white albino rat of the Mendel strain. The 
thyroids of these animals were depleted of iodine by administering approximately 
150 mg. of thiouracil daily, mixed with approximately 15 grams of standard dog 

1 Aided by grants from the National Research Council (Committee on Endocrinology) 
and the Fluid Research Fund of the Yale University School of Medicine. 

! Smith, Kline and French Fellow in Pharmacology, Yale University. 

> For the thiouracil used in this study, the authors are indebted to Dr. M. L. Crossley 
of the American Cyanamid Company (Calco Chemical Division). 
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chow containing 13 micrograms of iodine. The rats, of mixed sexes, weighed 
275 grams on the average. After twenty-three days of such treatment, each 
group of animals was changed to a diet containing the same basic dog chow plus 
another drug, or iodide, or a combination of the two. At appropriate intervals 
thereafter, individual animals were sacrificed over the course of three weeks. 

The various groups of animals studied are listed in the following description 



PREUMINARy PERIOD 
ON THIOURACIL 


TEST PERIOD 


Fir, 1 Schematic Summary of the Experiments Reported Herewith, Based upon the 
Weight of Fresh Thyroid 

The preliminary period of thiouracil treatment has been broken to save space Further- 
more, the right-hand portion of the diagram has been distorted to avoid crowding. Actu- 
ally the solid portions of the lines should be horizontal at the level of the respective means. 
These solid lines statistically all have slopes which are indistinguishable from zero and 
from each other's slope 

of the experimental procedure. From each rat the thyroid was removed and fts 
iodine constituents studied. In addition, in selected instances, the pituitary and 
the circulating plasma “hormonal” iodine were also studied. In this way the 
respective effects of the several drugs upon thyroidal iodine could be determined. 
An important feature of the present study is that heavy dosage was employed. 
In this way borderline effects would be avoided. 

The experimental plan can be visualized readily from fig. 1 . 

Expi niMENTAE rnocEDERE. The animals were divided into sexen experimental groups 
ns shown m the following schedule Each animal consumed approximately 15 grams daily 
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of a standard dog chon' containing 13 micrograms of iodine. To each diet was added a 
drug or combination of drugs as indicated for an idealized 250-gram rat: 


CROUP 

or 

AVZUAtS 

DESIGNATION IN 
TEXT 

PRELIMINARY PERIOD OF 23 DAYS 

TEST PERIOD OF 23 TO 25 DAYS 

F 

1 

1 “thiouracil” 

Thiouracil, 150 mg. 

Thiouraqil, 160 mg. 

G 

| “KI plus thiou- 
racil” 

Thiouracil, 150 mg. 

Thiouracil, 160 mg. plus KI, 
135 mg. 

D 

“KCNS after 
thiouracil” 1 

Thiouracil, 155 mg. 

Potassium thiocyanate, 324 mg. 

E 

“KCNS plus KI” 

Thiouracil, 155 mg. 

KCNS, 324 mg. plus KI, 
135 mg. 

B 

“chow after thi- 
ouracil” 

Thiouracil, 160 mg. 

16 grams of dog chotv contain- 
ing 13 pg. of iodine 

c i 

i 

“KI after thiou- 
racil" 

Thiouracil, 145 mg 

Bog chon' plus KI, 135 mg. 

A 

"control” 

Dog chow only, 14.3 grams, 
containing 13 a g. of iodine 

Dog chow only, 17 grams 


At intervals of about two days the animals were sacrificed seriatim. Each animal was 
killed rapidly with ether if necessary, after removal of heart’s blood by cardiac puncture. 
Thereupon, the thyroid and pituitary were excised rapidly. The thyroid tissue was weighed 
and plunged into five per cent aqueous ammonium hydroxide. With the help of a micro- 
homogenizer the gland was rapidly dispersed throughout the medium until homogeneous. 
Thereafter chemical analyses were made of total iodine or appropriate fractions thereof. 

Anatomical .methods. In selected animals one thyroid lobe was reserved for histologi- 
cal examination. After weighing, this was fixed in ten per cent formalin preparatory to 
histological sectioning. The histological sections were stained with hematoxylin and eosm. 

At the time each rat was killed for the thyroid stud}', its pituitary was immediately 
removed and carefully freed from dura mater. The gland was fixed in Bouin’s fluid and 
subsequently embedded in paraffin. The sections were cut at 4 micra and stained with 
acid fuchsin. They were countcrstained with Mallory’s aniline blue, orange G, and phos- 
phomolybdic acid. 

Chemical methods. The determination of total iodine was made upon the ashed sus- 
pension after appropriate sampling. Chemical sub-fractions were determined by a modifi- 
cation of the method of Leland and Foster (10), utilizing the differential partition between 
aqueous and butyl-alcohol media with change of acidity. Ashing was accomplished in a 
small electric furnace, equipped with a pyrometer. The temperature was maintained for 
three hours between COO'C. and 650°C. A detailed description of this procedure has been 
published elsewhere (9). Iodine was determined by the catalytic reduction of ceric ions 
as described by Sappington, Halperin and Salter (8). 

Experimental findings. Weight of fresh thyroid. The thyroids in the re- 
spective groups were subjected both to histological examination and to chemical 
analysis. In all groups except the control group A, there was marked hyper- 
trophy of the gland, as indicated in Table I. There was considerable scattering 
within groups. The mean weights for all the groups are indicated by the fol- 
lowing values reduced to 100 grams of rat: 

For group A (control) G.l mg.; group B (chow after thiouracil) M.i nag.. 
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group C (KI after thiouracil) 16.0 mg.; group D (KCNS after thiouracil) 21.3 
mg.; group E (KCNS plus Id) 15.1 mg.; group F (thiouracil) 30.6 mg.; group G 
(thiouracil plus KI) 39.8 mg. 

(a) Anatomical findings. Observations on histological sections of thyroids 
stained with hematoxylin-eosin. Histological examination of the thyroid glands 
in these groups of animals revealed the following points: 

Those animals receiving thiouracil alone (Group F) showed a marked hyper- 
plasia of the thyroid epithelium. In many cases the acinar configuration of the 
thyroid was lost completely, and in no case was any colloid visible. In those 
animals receiving potassium iodide along with the thiouracil (Group G), the 
degree of hyperplasia of the thyroid epithelium was not as marked, although 
considerable hyperplasia existed. In the majority of such cases the acinar 
lumina were distinctly present, and they usually contained a small amount of 
granular eosinophilic material. In only one animal was there actual colloid 
present, and in this animal the acinar epithelium was only slightly' hypertrophied. 

In the group of animals in which the thiouracil was followed by chow alone 
(Group B), the hy'perplasia of the thyroid gradually diminished and colloid 
gradually reappeared; until by' the eighteenth day after cessation of thiouracil 
the gland resembled that of a normal rat. When the chow diet was supple- 
mented with potassium iodide there was no significant difference in the rate at 
which hyperplasia declined. 

The addition of thiocyanate to the chow following thiouracil therapy (Group 
D) prolonged the period of hy'perplasia. When potassium iodide and thiocyanate 
were combined (Group E), some of the thyroids exhibited a very' irregular picture. 
In certain regions there were acini with flat epithelium and abundant colloid. 
In other regions there W'ere acini with hypertrophied epithelium and no colloid. 
Many animals in this group, however, showed almost no evidence of hyper- 
trophy, i.e., the epithelium was low cubiodal and the acini were well filled with 
eosinophilic colloid. 

In summary', it will be noted that these findings compare harmoniously with 
the gross weights recorded in Table I. 

Observations on histological sections of piluilarics stained with acid fuchsin and 
Mallory’s aniline blue. The anterior lobes of the pituitaries were examined for 
changes in relation to the various combinations of drugs following the preliminary 
treatment with thiouracil. The following observations were made: 

In those animals receiving thiouracil alone (Group F), the drug produced 
many basophils and caused eosinophils nearly to disappear. The basophils in- 
creased both in number and in size. Most of them exhibited typical vacuoli- 
zation and blue-staining hyaline material within the vacuoles. The chromo- 
phobes were somewhat increased in number. These changes are characteristic 
of those described by Severinghaus, Smelser, and Clark (11), Zeckwer et al. (12) 
and Guyer and Claus (13) following complete thyroidectomy in the rat. Similar 
changes were found by Mackenzie and Mackenzie (1) and Griesbach and Purves 
(H) following treatment with a goitrogenic agent. The addition of potassium 
iodide had little effect on the picture, although a few faintly acidophilic granules 
nppeared in some of the chromophobes. 
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When thiouracil was stopped and chow (alone) resumed (Group B), the baso- 
phils disappeared gradually and the eosinophils appeared rapidly. On the eighth 
day after stopping thiouracil there was a complete return of acidophilic granules 
but the basophils were still increased in size and number. Thereafter, up to the 
twenty-second day, the number and size of the basophils gradually declined, as 
did the extent of vacuolization. The addition of potassium iodide to the chow 
did not significantly alter the return to normal conditions. 

When the thiouracil diet was exchanged for thiocyanate (Group D), the trans- 
formation toward the normal occurred only gradually. On the eighth day the 
acidophilic granules were still markedly depleted, but had returned to normal 
on the sixteenth day of thiocyanate treatment. Throughout this treatment, 
however, the basophils continued to be increased in size and number and to show 
a high degree of vacuolization. When the thiocyanate was supplemented with 
potassium iodide (Group E) no significant effect on the previous picture was 
noted. On the twelfth day of this combined treatment the acidophils had be- 
come normal, but vacuolized basophils were prominent. In fact, the basophils 
continued to resemble those of group D, just described, throughout the combined 
treatment. 

In summary, these histological findings harmonize well with the observations 
on the gross weights ot the thyroids, as given in Table I. 

(b) Chemical findings. The results of the iodine analyses in the various groups 
are summarized in Table I. It will be observed that the effect of time was so 
slight as to be obscured by the biological scattering. In other words, the storage 
of fresh iodine occurred early and reached a maximum soon after additional 
iodide treatment was begun. Progressive increase in hyperplasia, however, may 
have favored somewhat the total iodine so accumulated. 

Analysis of experimental results. A troublesome feature of the obser- 
vations collected in Table I is the marked degree of biological scattering, which 
becomes evident when one studies each of the 76 animals individually instead of 
lumping them into groups as has frequently been done in other reports. This 
scattering is especially annoying during the early part of the test period when 
multiple variables such as the rate of hyperplasia, degree of hyperplasia and rate 
of iodine storage combined to fog the picture. We are indebted to Miss Barbara 
L. Bartels for many of the statistical computations cited in this paper. These 
have been condensed in the following analysis. 

Weight of fresh thyroid. As illustrated in Figure 1, iodide (Group G) did not 
prevent the continuous increase in goitrous growth evoked by thiouracil (Group 
F). The respective regression coefficients, b = 24 and 27, differed significantly 
(P < 0.01) from the nearly horizontal slopes of control Group A (b = 2.03) 
and of Group B ‘'chow after thiouracil” (b = 0.16). During the latter half of 
the test period (after 11 days) the means of Groups F and G were distinctly 
higher than the homologous mean for Group B (chow after thiouracil). Indeed, 
P = 0.005. 

For thiocyanate the situation is less obvious, but it is highly probable that 
the goiters increased in size and that iodide prevented this effect. In the early 
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days of the test period, random scattering obscured the effect of the drug. After 
the eleventh day, however, the mean level attained by the “thiocyanate” group 
(21.3 mg. per 100 grams of rat) differed significantly from similar means for 
groups B (chow after thiouracil) and E (IvCNS plus KI), i.e., from 14.1 and 
15.1 mg., respectively, per 100 grams of rat. 

Total thyroid iodine. When, thiouracil was stopped after three weeks of heavy 
dosage, the test thyroids did not recover completely. The average total iodine 
in the glands of control animals (Group A, mean = 4.3) and Group B (chow 
after thiouracil, mean = 2.5) exceeded that in the test animals. When iodide 
was administered with thiouracil (Group G), however, the storage of thyroid 
iodine was even higher (mean = 4.6) than in the untreated controls. This 
exceptionally high level was quite significant (P = 0.02) when compared with 
the “chow” (Group B) animals. 

For thiocyanate the case is less clear. Although iodide probably inhibits the 
hyperplasia produced by thiocyanate, it does not materially increase the con- 
comitant trapping of iodine. The mean values of the two thiocyanate groups 
(D and E, 0.8 and 1.2) do not differ significantly from the mean of “chow” 
Group B (P = 0.35). 

Concentration of thyroid iodine. In three weeks time after stopping thiouracil, 
the glands did not recover their full ability to trap iodine. The mean concen- 
tration (after 11 days) for control Group A was 65.4 mg. per cent as against 
15.8 for “chow” Group B and 5.0 for Group D (KCNS after thiouracil). How- 
ever, iodide in high doses nullified, to some extent, the continuing presence of 
thiouracil. Whereas the mean for the thiouracil Group F was 0.0, that for G 
was significantly greater (12.6; P = 0.001) and not significantly different from 
the “chow” Group B. 

The effect of thiocyanate, however, was trivial after preliminary hyperplasia 
from thiouracil. The mean of the thiocyanate-treated Group D (5.0) is barely 
distinguishable from the “chow” Group B (P = 0.05). Furthermore, it is not 
clear that the addition of KI to KCXS (Group E, 9.8) significantly altered the 
storage of iodine in the gland. 

A r a(urc of iodine bound under thiouracil. Several years ago Salter (15) sug- 
gested that the iodine compounds from the thyroid be catalogued under three 
headings as follows: 

(1) “I” iodine, consisting of (inorganic) iodide. 

(2) “D” iodine, consisting of compounds resembling diiodotyrosine in their 
solubility and metabolic behavior. 

(3) “T” iodine, consisting of compounds resembling thyroxine. 

(•}) The combination of "D” and "T” fractions was designated as “P” iodine, 
because it was bound to precipitated proteins. It was shown (Salter et al.) 
(10) that in the analysis of blood serum, it was sufficient in most clinical 
cases to determine merely the "P” combination as an index of the “hor- 
monal” iodine. 

In the study of biosynthesis within the gland, these categories have served to 
orient further study and to harmonize terminology. The present work brings 
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up one further concept, namely, that the first category can be subdivided. It 
has long been puzzling how the thyroid can trap iodide in high concentration 
and withold it from tissue fluid which is low in iodide. The present experiments 
indicate that a loose combination may occur between iodide and a thyroid 
colloidal system: 


nl" 


TISSUE 

FLUID 


MEMBRANE 



' Free >_ 


THYROID 


For most purposes, it will not be necessary to subdivide the "I” fraction into 
sub-fractions Free Iodine, I F , and Bound Iodine, I n . In the present case, how- 
ever, tills schema is useful in explaining why Group G animals (treated both 
with thiouracil and potassium iodide concomitantly) stored so much iodide, in 
contrast to the analogous experiment with thiocyanate. A further discussion of 
the I n complex will appear subsequently (17). At the moment, however, it can 
be stated that in Group G glands, the iodine is almost wholly in the “I” fraction, 
and that a major portion of it is in the I B sub-fraction. 

Characteristic analyses upon male lats of the Wistar strain appear in Table II. 
Discussion. These results confirm the suspicion hinted at by certain authors 
(5) that thiouracil can exert a lingering damage to the iodine-trapping function 
of the thyroid. This hangover appears not to involve the synthesis of thyroid 
protein to any marked degree. In other words the metabolism of desiodo- 
thyroglobulin proceeds independently of iodine metabolism 

Other authors (IS) with a lower dosage of iodide, have found that such doses 
of iodide counteract the effect of thiocyanate but not that of thiouracil. In the 
present observations the effects of both drugs probably were influenced by 
iodide; but in a different way. Under thiouracil the hypciplasia was not influ- 
enced, but iodine-trapping was. The reverse was true in the case of thiocyanate. 
It is interesting that iodide in large doses, i.e., 540,000 micrograms per kilo per 
da}’, resulted in iodine storage no better than 50 micrograms per kilo per day. 
Obviously this effect is related to the whole question of the action of iodides in 
clinical hyperthyroidism. In that disease it has long been known (19) that small 
doses of iodide aggravate the condition whereas large do=es ameliorate it. 
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TABLE II 


Partition of thyroid iodine in presence of goitrogens 
(MaleAVistar albino rata) 


Cl DOT 

SAT 

NO. 

DAY 

or 

SEC- 

OND 

EBIOD 

$ 

as 

k. 

o 

ES 

O 

w 

> 

“l” 

TRAC- 

TION 

“d” 

TRAC- 

TION 

“t” 

TRAC- 

TION 

CALCU- 

LATED 

TOTAL 

THY- 

ROID 

IODINE 

TJNAL 

VEJCHT 

or 

rxzsH 

THY- 

ROID 

CALCU- 
LATED 
PERCE NT- 

ce total 

IODINE 

IN TRESH 
THYROID 

REMAKES 




\rams 

n- 




mg. 

mi.% 


Normal con- 

13 


434 

0.3 

5.4f 

3.2f 

8.6* 

28 

32 


trols 

14 


414 

0.9 

7.4 

1.1 

9.4 

28 

33 

Combined data 











on 2 animals 


15 



0.4 

4.8 

0.2 

5.3 

21 

26 



16 





0.3 

3.2 

22 

15 


Avg 

413 

0.5 

5.0 

1.2 

6.6 

25 

27 


Thiouracil 



296t 






0.0 

Data according 

alone, 










to Table I 

Group F 












Chow after 

16 

7 


0.4 

4.3 


4.7 

48 

9.9 

Note accumula- 

thiouracil, 

17 

ini 


0.2 

1.0 


1.4 

46 

3.1 

tion of "D” 

Group B 

18 

a 

375 

0.9 

3.3 


4.9 

mSm 

10 .0 

fraction 


19 

14 

38S 

0.4 

6.3 

0.6 

7.2 

43 

16.8 



20 

!E1 

356 

0.4 

2.1 

0.2 

2.7 

38 

UEM 



21 

| 35 



2.0 

0.3 

2.3 

32 

mm 


Avg 


0.4 

3.2 

0.4 

4.0 

43 

9.3 


Thiouracil 


in 


1.4 

m 

m 

1.5 

48 

3.0 

Note accumula- 

plus KI, 

ft 

n 


5.0 

0.5 

M 

5.3 

57 

10.3 

tion of “I” 

Group G 

w 

I 

354 

4.7 

1.8 

eH 

6.7 

64 

10.4 

fraction 


11 

ID 

252 

4.0 

0.8 

l.G 

6.4 

96 

6.7 


Avg 

324 

3.8 

1.0 

0.6 

5.4 

66 

8.2 


KI plus 

16 

7 

314 

0.3 

0.4 

0.1 

O.S 

46 

1.7 

Note low “I” 

KSCN, 

17 

10 

254 

0.5 

1.0 

0.4 



3.9 

fraction 

Group E 

18 

11 

IBKU 

0.5 

2.3 

0.2 



6.1 



It 

14 

250 

0.2 

2.7 

0.5 



12.2 



2( 

30 

314 

0.6 

1.0 

0.2 

l.S 

3S 

4.7 



I 2 

35 

m 

USEE 

1.9 

0.7 

2.6 

2S 

9.1 


Avg 

. 279 

0.4 

1.5 

IBB 

2.3 

39 

m 

liwirwfwi 


* Actual determination, 
t Estimated. 


Why is there so little recovery in the iodine metabolism of the gland after 
three weeks without the drug? The indications from the literature (20) and 
from our own observations are that tliiouracil is probably largely excreted 
within a few days. The possibility exists, therefore, that the drug produces a 
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semipermanent defect in the enzymic mechanism concerned with the fixation of 
iodine. Where might this interference occur? It has been stated (5, 6) that 
under certain circumstances thiouracil prevents the accumulation of iodine. In 
the presence of large doses of iodide, however, as shown in the “KI plus thio- 
uracil” Group G, this would seem not to be the case; although the stored iodine 
is not the “D” or “T” ty’pe so characteristic of normal thyroglobulin. A similar 
result was obtained by Schachner, Franklin, and Chaikoff (21), working with 
surviving slices of thyroid tissue in the presence of thiouracil and potassium 
iodide, combined. 

Such iodine may represent only an unstable “adsorption” combination. 
Thiouracil does not interfere with the accumulation of this "inorganic” iodine 
complex, and may even be a partner to its combination. The drug, however, 
creates a block to the subsequent iodination of tyrosine. Possibly the block is 
related to oxidation-reduction potentials as described by’ Lowenstein (22) and 
by de Robertis (23). 

Special attention should be paid to the great biological variation which may 
be encountered in work with these goitrogens. In the present report this vari- 
ation is evident both among animals of the same strain (Table I) and between 
different strains (Table I vs. Table II). Furthermore the range of dosage toler- 
ated by immature animals is probably less than the dose tolerated by older 
animals. In the present work, only three of the mature animals died spon- 
taneously' and, on the average, the others maintained weight and seemed healthy. 
Therefore heavy dosage was employed in order to avoid borderline effects. By 
contrast, the following comment kindly' contributed by Dr. E. B. Astwood is 
illuminating: 

“The actual data differ considerably from our experience in many’ respects. 
A diet of 1 % thiouracil in our experience is distinctly’ toxic and about one third 
of the animals died with stones in the urinary tract. The highest concentration 
of potassium thiocyanate which does not markedly retard growth, in our experi- 
ence, is about 0.25% of the diet; larger amounts are lethal to quite a number of 
animals. Even 1 % potassium iodide distinctly' retards growth in young rats. 
Perhaps some of the differences between your results and ours are due to the 
toxic dosage — this seems to be particularly' likely with potassium thiocyanate. 
Toxic substances have an effect similar to hypophy’sectomy’ and we have found 
that compounds even more active than thiouracil have practically no effect 
upon the size of the thyroid gland when given at near-lethal levels. 

“Some points of difference between your results in Table I and ours are as 
follows: Group A agrees well with our values except that our variation is much 
smaller. We have never seen concentrations of iodine as low as eight of the 
values shown or as high as 157 mg. per cent in normal rats. Group B and C 
differ greatly from ours; withdrawal of thiouracil has consistently permitted a 
return nearly to normal size and concentration of iodine. In our experience the 
addition of potassium iodide to thiouracil causes a much higher concentration of 
iodine to accumulate than that shown for Group G. Our average was between 
30 and 40 mg. per cent in contrast to your 12.6. 
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As our animals were young the two sets of data are, of course, not strictly 
comparable.” 


SUMMARY 

When large doses of thiouracil are administered to rats, a persistent failure to 
trap iodine results. In part, this deficiency can be overcome by large doses of 
iodide. In this respect thiocyanate seems to differ from thiouracil both in the 
qualitative response and in the quantitative aspects of the dosages used. In the 
presence of either drug large doses of iodide will facilitate the storage of iodine; 
but conversion of iodide to diiodotyrosine (and incidentally to thyroxine) is 
prevented. 

The synthesis of nmodinated thyroid protein and cellular hyperplasia can 
proceed unimpaired despite heavy dosage of thiouracil. Hyperplasia under 
thiocyanate, however, is nullified by iodide. 

The authors wish to acknowledge the kindness of Dr. E. B. Astwood in 
offering helpful comments. 
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Comparatively little information is available concerning the pharmacologic 
properties of furan and its derivatives. Gilman and Pickens (1) found several 
furan derivatives to elicit local anesthetic properties. Koch and Cahan (2) 
after a study of the five membered ring, furan, on several species concluded, 
that while furan produced some anesthetic and analgesic properties its inherent 
toxicity eliminated it from consideration in therapeutics. These workers 
classified furan as a protoplasmic poison. Recently Dodd and Stillman (3) 
prepared forty-two furan derivatives and studied their bacteriostatic properties 
in vitro against several kinds of pathogenic organisms. They concluded that 
bacteriostatic potencj' was dependent upon a nitro group on the ring and their 
active furan derivatives contained a nitro group in position “5”. The most 
promising of the furan derivatives of this series was 5 -nitro- 2 -furaldehyde 
semicarbazone. Its relationship to furan is shown by the following formulas. 


Furan 


O-N 


H H O 


' 0 ' 


!C=X— X— C— NH* 


5-Nitro-2-furaldehyde semicarbazone 
(Furacin) 


The bacteriostatic activity of this compound is manifested in vitro at high 
dilutions. 

Dodd (4) found this compound promising as a chemotherapeutic agent in 
laboratory animals. 

Snyder et al. (5) reported the successful use of this compound in the local 
treatment of infected wounds. 

Owing to the promising properties of 5-nitro-2-furaldehyde semicarbazone, 
a pharmacologic study of its properties seemed warranted. 

Physical properties. 5-Xitro-2-furaldehyde semicarbazone occurs in bright 
yellow crystals which decompose between 227° and 241° depending upon the 
speed of heating. One gram dissolves in about 5 liters of water. It is less 
soluble in ether, but dissolves in alcohol 1:740 and in propylene glycol 1:350. 

Blood pressure and respiration studies. Blood pressure studies were conducted 
on 3 dogs under ether anesthesia, 3 cats under pentobarbital sodium anesthesia 
and 2 Macacas rhesus monkeys under pentobarbital sodium anesthesia. Carotid 


1 The expense of this investigation was defrayed by the Eaton Laboratories, Ine., and 
we are indebted to Dr. A. B. Scott for generous supplies of 5 -nitro- 2 -furaldehyde semi- 
carbazone. 
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blood pressures were recorded with a mercury manometer. Injections were 
made into the saphenous vein. 

Saturated solutions of 5-nitro-2-furaldehyde semicarbazone in propylene 
glycol produced slight, transient rises in blood pressure in the 3 species. In- 
jections were made on the basis of 0.5 cc./kg. No changes in blood pressure 
were observed that could not be produced by the injection of the solvent alone. 
Aqueous suspensions, 0.5 and 1 per cent in 6 per cent acacia were injected on 
the basis of 0.5 to 1 cc./kg. These injections produced depressor responses 
upon repeated injection. However, these changes were produced by similar 
injections of talc and hence considered to be due to the injection of insoluble 
particles into the circulation. After injections of 5-nitro-2-furaldehyde semi- 
carbazone, the blood vessels responded in their characteristic manner to epi- 
nephrine and histamine injections respectively. 

No significant changes in rate or amplitude of respiration were recorded that 
could not be attributed to the vascular effects of the injection of insoluble 
particles. 

Electrocardiographic studies. In 2 of the dogs and each of the 2 monkeys used 
in the foregoing studies, electrocardiogram Leads I, II and III were taken 
under anesthesia and shortly after the injections of 0.5 per cent suspensions of 
5-nitro-2-furaldehyde semicarbazone. There appeared to be no significant 
difference in the regularity or form of the tracings in any animal in any Lead. 

Perfusion frog’s heart. 5-nitro-2-furaldehyde semicarbazone was agitated 
with Locke-Ringer’s solution until saturated. This solution was perfused 
through the frog’s heart in situ. Seven experiments were conducted on 3 
frogs. There appeared to be no change in the heart rate, regularity or amplitude 
upon perfusion with the saturated solution of the furan derivative. 

Perfusion isolated mammalian heart. The rabbit’s heart was extirpated after 
killing the animal by cerebral contusion. The defibrinated blood was mixed 
with Locke-Ringer's solution and perfused through the aorta. Tracings were 
made of the heart’s beat. At intervals, 5 cc. volumes of saturated solution of 
5-nitro-2-furaldehyde semicarbazone in Locke-Ringer’s solution were introduced 
into the perfusion fluid. Four experiments were conducted and in each instance, 
the effect upon the rabbit’s heart coincided with the results obtained on the 
amphibian heart in situ, namely, there occurred no change in rate, regularity 
or amplitude of beat. 

Perfusion of the kg vessels of the frog. In typical Trendeienberg perfusion 
experiments of the leg vessels of the frog, saturated solutions of 5-nitro-2- 
furaldehyde semicarbazone in Locke-Ringer’s solutions, neither increased nor 
decreased the number of drops perfusing through the abdominal vein during a 
constant time period of 30 seconds. There were 10 experiments carried out 
on 0 frogs. 

Cytochrome oxidase and tissue dehydrogenases. Fresh minced suspension of 
rabbit’s brain served as a source of cytochrome oxidase and tissue dehy- 
drogenases. 

The following procedure was used to study the effect on the cytochrome 
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oxidase. Two cc. samples of the brain suspension were placed in three 15 cc. 
* * ™- 9 ne , sain P ,e w f s boil cd for 1 minute. To another was added 1 cc. 
n • t ^ so u ion and to the third test tube 1 cc. of normal salt solution 

t ITl Z 7 lth 5 -“tro-2-furaldehyde semicarbazone. To each of 
„ f. tubes vas added 0.5 cc. of freshly prepared “Nadi” reagent (indophenol 
reactmn for cytochrome oxidase). The tubes were shaken gently and the time 

wnTiS de ; n Cl0pmei ! t of the P ur P Ie “lor noted. The time required 

i . S’cori s seconds for the control and the furan derivative treated 
finnc nm ^ Z at 5-nitro-2-furaldehyde semicarbazone, under these condi- 

vclni4.fi D °i n 6 CJ " tocbrome osidase. The boiled minced tissues de- 
r eloped no color The experiment was repeated 6 times. 

J t ^ ICa , onberg, methylene blue-reduction experiments were employed to 
detenmne the effect of the furan derivative on the tissue dehydrogenases. One 

the f M Z lmnc ® d bram were P Iaced in modified Thunberg tubes. To 
nhosnhatc ° Tr C ° ° ™ etbylcne bIue > 1 : 5000 in M/50 disodium hydrogen 
the nthc i ° T sarn Pj e ’ i ec - of normal salt solution was added, and to 
f . CC ' .° norrnal salt solution previously saturated with 5-nitro-2- 

a n-o rp? s ^ mca f az ° ne * The tubes were evacuated and placed in a bath 
I I ' 16 'I™, 6 "‘ nnmites required for the decolorization of the methylene 

time Z h , TherC " ere 6 tests and 6 con riols conducted. The average 

indication- t) ,t°fv r° S " 3S 14 minutes, for the furan treated tubes 31 minutes 
aZZ Z T ?r P ° Un retards the nctivit y of the tissue dehydrogenases, 
the met h ° . e ox -’S en uptake of the white rat was determined by 

! Z Z Z T eitelbailm (6) - The animal "-as fasted 24 hours, placed in 
tn ZZZZ Z at 28 f ° r 30 minutcs t0 become quiet and equilibrated 
30 miniif P - Cr ? ° r r ? X '' rfiCn ' ^ le ox 3 'gen consumption was measured over a 
the rn e P 01 " 10 • _ e animal was removed and given by stomach tube half 

nlaci) -n of + °'“ r °- 2 - furald ehyde semicarbazone. The animal was again 
' \ th e metabolism chamber and 60 minutes allowed to elapse for the 
vie rP 10n °a f' e a ° m P. 0Und and equilibration. Then the ovygen consumption 
rnZZZTmZ 30 mmutes . as , in the c °nti ol test. There were 6 experiments 
i e . ere was no significant effect. The trend, however, indicated 
increased oxygen consumption 

• toxicity f rat). 5-nitro-2-furaldehyde semicarbazone was suspended 

m per cent acacia solution and administered to male white rats, 50 to 100 gm. 

bj stomach tube. The numbei of deaths after 48 liouis was observed. Table 1 
records these data. 

The LD i0 was^calculatcd by Ivarber’s (7) method using the formula Log 

LDso — Xo 22 2 bi " hicli Xo is the logarithm of LDjoo- The second 

term is the sum of the products. Each product is obtained by multiplying the 
mean of each successive pair of observed mortalities by the difference between 
the logarithms of the corresponding doses. The value obtained was 59 mg./lOO 
gm. rat. Animals of the group which died showed premonitory symptoms of 
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hyperirritability, hyperreflexia, tremors, weakness and convulsive seizures; 
respiratory arrest appeared to be the ultimate cause of death. 

To determine whether or not the hyperreflexia produced by 5-nitro-2-fur- 
aldehyde semicarbazone was accompanied by hyperpyrexia, the rectal tempera- 
tures of 4 rats were determined. One hundred milligrams per 100 gm. of body 
weight were administered orally and 3 hours later, rvhen the animals were 
definitely in the hyperreflexic to convulsive stages of intoxication, the tempera- 


TABLB 1 
LDso 48 hours (rat) 


DOSAGE 

NUMBER Or RATS 

NUMBER DEAD 

PERCENTAGE DEAD 

mgm.flOO gm. 

10 

4 

0 

0 

20 

5 

1 

20 

30 

15 

3 

20 

40 

25 

8 

32 

50 

45 

19 

42 

60 

40 

14 

35 

70 

20 

8 

40 

80 


8 

80 

100 

1 * 

4 

100 


TABLE 2 


LDjo 48 hours (mouse) 


DOSAGE 

NUMBER or MICE 

NUMBER DEAD 

PERCENTAGE DEAD 

mg./I00 gm. 

100 

10 

9 

90 

80 


10 

100 

60 

32 ! 

28 

88 

40 

40 

31 

77 

30 

44 

27 

61 

20 

30 

3 

10 

10 

20 

1 

5 

6 

10 

0 

0 


turns were again determined. No significant difference was observed in any 
of the animals. 

Acute toxicity (mouse). These studies were conducted using white mice 
weighing approximately 15 gm. The data are shown in table 2. The LD 6 o 
calculated by the foregoing method is 3S mg./lOO gm. 

Chronic toxicity studies (monkey). Two Macacus rhesus monkeys were fed 
0.3 gm. of 5-nitro-2-furaldehvde semicarbazone each day for a period of 5 weeks. 
Weekly weight records were made. A blood picture was made prior to and 
after the feeding period. Just prior to the termination of the experiment, an 
electrocardiogram and electroencephalogram were taken on each animal. The 
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animals were then anesthetized with pentobarbital sodium and a hepatic biopsy 
and a unilateral nephrectomy performed. The tissues were examined 
histologically. 

During the 5 week period of feeding 5-nitro-2-furaldehyde semicarbazone the 
monkeys showed no significant weight variations. The electrocardiogram 
showed no significant difference in regularity or form in any Lead for either 
animal. Electroencephalograms made on the treated animals before and after 
sedation with pentobarbital sodium showed no significant variation from un- 
treated monkeys under the same treatment. There was no significant variation 
in the blood picture of the treated animals. 

The histologic findings in the tissues were as follows: 

B-186. The section of kidney shows no abnormality. The individual liver 
cells are pale, vesicular and granular. This condition is generalized with no 
focal necrosis or lobular concentration. The section from the sternum is entirely 
cartilagenous and muscular. No bone marrow is present. 


TABLE 3 


Blood counts (monkeys) 



x b c./crnr. 

w.b c./aat. 

A. Prior to 

feeding 


16,400 

No. 1 

It 

6,200,000 

No. 2 

S 

6,810,000 

16,650 

1 

B. After feeding 


16,000 

No. 1 

It 

7,200,000 

No. 2 

S 

5,500,000 

15,250 


B-187. Section from kidney is normal. The sternal marrow appears norma . 
An adherent lymph node shows a granulomatous and necrotic inflammatory 
process that resembles tuberculosis. Section from the liver in this anima 
shows a moderate fatty change that is deposited chiefly in the periphery' of the 
lobules. This may represent storage. 

Three additional monkeys were subjected to unilateral nephrectomy under 
pentobarbital sodium anesthesia. One week after the operation blood coun s 
were made. Each day for 6 consecutive days, each animal was given 0.5 gm. 
5-nitro-2-furaldehyde semicarbazone. At the end of the period another bloo 
count was made and the animals sacrificed for histologic study of the liver an 


kidney. 

Table 3A shows the blood counts of the monkeys. 

The following histologic findings were present: The sections from these t rce 
animals appear identical. There is a scant amount of coagulated fiui m e 

renal tubules in each. The individual liver cells are pale, granular an suo en. 

This is generalized without focal concentration. These minor c anges are 
probably of little significance. 
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Chronic toxicity studies (rat). Young male rats were fed a normal laboratory 
ration of supplemented Purina fox chow as controls. Groups of 12 animals 
were fed the same ration to which was added 0.4, 0.2 and 0.1 per cent respectively 
of 5-nitro-2-furaldehyde semicarbazone. The blood picture was taken prior to 
and after the experiment. The data are shown in table 4. Weights were 
recorded biweekly. At the end of a 5 week period 3 animals from each group 
were sacrificed for histologic study. 


TABLE 3 A 
Blood counts ( monkeys ) 



r b c /cinr 

W.B C /C&OC. 

A. Prior to drug 



No 1 

2,960,000 

6,300 

No. 2 . 

4,530,000 

8,800 

No 3 

4,441,000 

8,750 

B After feeding 



No 1 

3,430,000 

13,300 

No. 2 

5,100,000 

13,750 

No. 3 

4,870,000 

14,550 


TABLE 4 
Blood counts (rats) 



SBC /CMM. 

w b C /otir. 

A Prior to feeding 



No. 1 

6,670,000 

7,250 

No. 2 

6,670,000 

7,750 

No 3 

6,400,000 

7,600 

No. 4 

6,600,000 

7,400 

B. After feeding 



No 1 01 per cent 

7,260,000 

16,200 

No 2 0 1 per cent 

9,100,000 

19,600 

No 3 0 2 per cent 

6,400,000 

15,550 


The growth curves of these animals are seen in chart 1. These data set forth 
in chart 1 indicate that rats tolerated 0.1 and 0.2 per cent respectively of 5- 
nitro-2-furaldehyde semicarbazone in their food but not 0.4 per cent. The 
animals in the 0.4 per cent group became cachetic and hyperexcitable and most 
of them died within one week after the beginning of the experiment. 

Four of these animals were sacrificed for histologic study. The findings arc 
set forth in the following descriptions: Sections from liver, kidneys and intes- 
tines appear similar in these four experimental animals. All the kidneys with 
the exception of one show coagulated albuminous fluid in the tubules. In 3 
of the 4 livers there were small focal cellular and necrotic areas. The intestines 
appear normal. 
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Six of the riits receiving 0.1 per cent 5-nitro-2-furaldehyde semicarbazone and 
3 which had 0.2 per cent of the compound were sacrificed for histologic study. 
The findings are set forth in the following descriptions: 

One tenth per cent S-nitro-S-furaldekyde semicarbazone feeding: 

1. There is a mild diffuse swelling and granular change in the cords of the 
liver cells. No focal necrosis. Sections of kidney, intestine and bladder are 
not significant. 

2. Liver normal. No significant change in bladder or intestine. 

3. Liver, bladder, intestine and pancreas show no significant deviation from 
the controls. 

4. The liver cells are more swollen and granular than normal. Coagulated 



Chart 1. Growth Curves of Rats Receiving 0.1 and 0.2 Per Cent 
5-Nitro-2-Furaldehthe Semicarbazone in the Diet 


fluid is present in some of the renal tubules. The pancreas, intestine and bladder 
appear normal. 

5. The bladder displays edema, swelling and granularity. The kidney, 
bladder and intestines are not significant. 

6. " There is mild cloudy swelling of the convoluted tubules in the kidney and 
the liver cords. The other organs are normal. 

Two tenths per cent 5-nilro-2-furaldehydc semicarbazone feeding: 

7. There is no significant change in the liver, bladder or intestine. Coagulated 
fluid is present in the renal tubules. 

8. Mild cloudy swelling is present in the liver. Sections from kidney, pan- 
creas, bladder and intestine are not abnormal. 
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9. There is mil d cloudy swelling of the liver but no focal necrosis. The 
kidney, intestine and bladder show no abnormality. 

Preliminary experiments in man. Having established the fact that relatively 
large amounts of 5-nitro-2-furaldehyde semicarbazone could be ingested or 
injected into several species of animals with comparatively little injury to the 
important viscera, one of us (W. E. E. Jr.) ingested 100 mg. with no discernible 
symptoms following. 

Several individuals were given 100 mg. three times a day without symptoms 
being produced. The dose was increased until 2 to 4 grams were given daily. 
These doses were tolerated by many individuals asymptomatically. In approxi- 
mately 20 per cent of the individuals the drug produced nausea. Routine blood 
and urine chemical findings were not distorted by the ingestion of the drug. 

SUMMARY 

1. A pharmacodynamic and toxicologic investigation of 5-nitro-2-furaldehyde 
semicarbazone has been made in several species of animals. 

2. In quantities, indicated by bacteriological studies as therapeutic, the 
compound appears to be tolerated without symptoms. Toxic doses produce 
hyperexcitability of the central nervous system in the rat. 

3. In vitro, 5-nitro-2-furaldehyde semicarbazone diminished the activity of 
tissue dehydrogenases. 

4. Preliminary ingestion trials in man have been recorded. 
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Demonstration of a chemical combination of drugs with one particular com- 
ponent of the cell might serve to shed some light on the problem of the fixation 
of drugs by cells. Oster and Mulinos (1) have recently reported that tissue 
aldehydes and various amines react with the resultant formation of Schiff’s 
bases. Since it was suggested at that time that the tissue aldehydes may play 
an integral role in a detoxification mechanism for amines, it was deemed worth- 
while to investigate the reaction of additional amines and to study the behavior 
of compounds with other groupings prone to form chemical combinations with 
aldehydes. The selection of these substances was prompted by their being 
naturally occuring compounds, commonly used drugs or the basic constituents 
of drugs. 

Furthermore, in view of ICohn’s recent report (2) on a new aerobic metabolite 
which is supposedly of aldehydic nature, it was assumed that this “substance B” 
might well be a tissue aldehyde, citing interaction with amines as evidence. 

Experimental. Kidneys of rats of either sex were again chosen as test organs. Frozen 
sections of fresh rat kidney, 50 micra in thickness, were incubated for 18 hours at 37°C. in 
N/20 HC1, using 0.85% NaCl as the diluent. This procedure liberates bound tissue alde- 
hydes. These sections were washed in normal saline and incubated for IS hours at 37 C C- 
in 0.1% solutions of the compounds on test, using M/15 KHjPO, buffer. If necessary, the 
pH was adjusted to a value of from 3 to 5 by the addition of ascorbic acid. The sections 
were then stained with fuchsin sulfurous acid (FSA). The depth of the developing purple 
color was compared with that of the control sections which had been similarly incubated 
in M/15 KH-PO« buffer without the addition of a drug. The degree of staining of the con- 
trol sections was given a value of 4 plus. Test sections were designated as negative to 4 
plus, according to the stainability of the sections. A 4 plus FSA staining reaction denotes 
non combination of the liberated tissue aldehydes with the drug and consequent ability to 
react with the FSA. Negative or 1 plus reactions would indicate complete combining 
power with the added chemical. All substances were tested on kidney sections from three 
different rats. 

Results. Table 1 summarizes the results obtained with the various sub- 
stances used. An analysis of the findings reveals the following. Acriflavine 
hydrochloride, containing two amino groups on the ring, combines readily 
with the tissue aldehydes at 37°C. 9-Aminoacridine hydrochloride, which 
was insoluble in phosphate buffer solution, combines with the aldehydes when 
incubated in water. The combining power of para-amino hippuric acid must 
be due to its amino group, since hippuric acid alone had no effect. Chloramine 
T, an amide with sodium and chloride substitutions, had no combinative effect. 
Dichloroazodicarbonamidine (chloroazodin), with two available amidine groups, 
also effected no reaction. Penicillin sodium did not show any influence. 
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A casein hydrolysate, taken as representative of an amino acid mixture, was 
previously tested with no combining results (1). Knowing that tryptophane 
combines readily with aldehydes, it was surprising to learn that it did not do 
so with the tissue aldehydes. On the other hand, cysteine hydrochloride did 
form a combination with the tissue aldehydes. It seems possible that the 


TABLE I 

Depth of stain of Kidney tissue with FSA after hydrolysis with N/20 If Cl for 18 hours at S7°C. 
and subsequent incubation with each drug m phosphate buffer for 18 hours (pH S to 6) 


COMPOUND TESTED, 0 1% 

JSA XEACTIOV 

Acriflavine hydrochloride 

- 

9-Aminoacridine hydrochloride* 

— 

p-Ammo hippuric acid 

+ 

Hippuric acid 

++++ 

Chloramine T 

++++ 

Chloroazodin 

++++ 

Penicillin Bodium 

+ + + + 

Tryptophane 

+ + H — b 

Cysteine hydrochloride 

— 

Glutathione 

+++ + 

Cystine 

+4 — b+ 

Neo-Synephrine 

++++ 

P-Phenylethylamine 

- 

Thiobarbiturie Acid . 

— 

Barbituric Acid 

— 

Phenobarbetal 

++++ 

Pentobarbital 

++++ 

Thiouracil 

++ + + 

Caffeine alkaloid 

++++ 

Theobromine sodium and 6odium 6alicylate 


Allantom. 

++++ 

Adenine sulfate 

++++ 

Ithodanine 


Hydantoin . . ... 

++++ 

Buffer (control) 

++++ 


* Tested in water. Insoluble in phosphate buffer. 


mercaptane group of cysteine reacts with the tissue aldehydes, forming 
a mercaptal. 


RCHO + 2 HSCH-CHXH.COOH 


RCH 

\ 


SCH-CHNH-COOH 


+ HjO 


SCH.CHNHjCOOH 


This cystcinc-aldchyde end product is not very- stable, being easily split by 
weak acids. However, glutathione, which also contains a free mercaptane 
group, did not combine, nor did cystine. a-hydroxy-^-mcthvl-amino-3-hvdro\w 
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ethylbenzene hydrochloride (Neo-Synephrine, Stearns) showed no effect. 
/9-phenylethylamine again exhibited a stain preventing effect, as was reported 
previously (1). 

Kohn (2) claims to have obtained a new metabolite by trichloracetic acid 
hydrolysis of oxygenated tissue suspensions, a method similar to that of acid 
fission used in liberating tissue aldehydes from organs. This metabolite is 
reported to react readily with thiobarbituric acid. We incubated kidney sec- 
tions with this compound and noted a combination of thiobarbituric acid with 
the tissue aldehydes. The same was the case with barbituric acid. We found 
that only such pyrimidines which contain reactive hydrogens on the 5 carbon 
atom act in such a way. Phenobarbital and pentobarbital were inactive. No 
combination resulted with thiouracil (Deracil, Lederle) or noth purine com- 
pounds. A reaction with the tissue aldehydes took place with rhodanine but 
not with hydantoin. Both compounds are used in amino acid synthesis for 
their combination with aldehyde groups (3). 

OC— NH OC— NH 

II II 

RCHO + H-C CO RCH=C CO + H 2 0 

II II. 

OC— NH OC— NH 

Barbituric acid 

RCHO + H»C — S RCH— C — S 

^CS -» \:S HjO 

/ / 

OC— NH OC— N 

Rhodanine 

Discussion. The possibility that the tissue aldehydes act as acceptor sub- 
stances for certain drugs was suggested in a previous publication (1). It was 
shown that aromatic amines combine readily with the tissue aldehydes. The 
present investigation demonstrates that the effect extends to cysteine and to 
barbituric acid. The combination of the latter compound is accomplished by 
the reaction of the two highly active hydrogens on the 5 carbon atom with the 
aldehyde group. 

The search for an acceptor substance for drugs in the cell is an old one. Tissue 
aldehydes, due to their intense reactivity and their wide distribution in the 
various organs, offer themselves for such a possibility, if one assumes that they 
are in a free state at any given moment during their metabolism. 

Recently it was demonstrated by Oster (4, 5) that the metabolism of tissue 
aldehydes in the rat kidney is influenced by sex hormones, a finding which lends 
a new significance to these cell constituents Examination of human organs 
revealed that in some pathological cases the tissue aldehydes disappear com- 
pletely from certain organs in which they are normally found. Whether this 
was due to a metabolic derangement or to the action of administered drugs 
could not be decided Experimental attempts to deplete animals of tissue 
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aldehydes by injection of para-amino benzoic acid or by sulfa drugs have not 
been successful thus far (6). However, the in vitro studies presented indicate 
at least the chemical possibility of such a mechanism. The combination of 
certain drugs with the tissue aldehydes seems to be one of great specificity under 
experimental conditions. 

In the light of our studies it seems to us highly indicative that the metabolite 
B described by Kohn is a tissue aldehyde, since the procedure for obtaining it 
and the chemical combinations which this substance undergoes run parallel 
to our findings. 


SUMMARY 

1. Twenty-four compounds were investigated for their possible chemical 
combination with tissue aldehydes, using frozen sections of rat kidneys as test 
material. 

2. A theory that tissue aldehydes may serve as acceptor substances in the 
cell for certain drugs is advanced. 

3. The similarity of the chemical reactions of tissue aldehydes and Kohn’s 
metabolite B has been shown. 

Grateful acknowledgement is made to Dr. Stanton M. Hardy of Lederle Laboratories 
and to Dr. Gustave J. Martin of the National Drug Company for supplying us with Deracil 
and 9-Aminoacridine hydrochloride respectively. 
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Nutritional deficiencies may be induced in the rat by the feeding of purified 
diets containing certain of the sulfonamides (1-2). This effect tvas ascribed 
to an inhibition in the synthesis of essential nutrients by the intestinal flora. 
Gant and co-workers (3) observed a temporary decrease in E. coli in the early 
period of sulfonamide feeding; however, after this time the count returned to 
normal although the rats declined in weight and gave evidence of developing 
deficiency disease. These investigators suggested that the new coliform organ- 
isms had lost their ability to synthesize the growth factors required by the rat. 
It is of interest to note that Thompson (4) reported the synthesis of biotin and 
folic acid by the closely related organism A. aerogenes. Miller (5) confirmed 
the findings of Gant and co-workers and in addition observed lowered levels of 
biotin, folic acid and pantothenic acid in the feces of rats fed purified diets 
containing succinylsulfathiazole or phthalylsulfathiazole. 

Two antibiotic agents, namely streptothricin and streptomycin, are bacterio- 
static both in intro and in vivo against a variety of gram-negative organisms. 
These drugs are poorly absorbed from the intestinal tract as are the relatively 
insoluble sulfonamides (sulfaguanidine and succinylsulfathiazole). Smith and 
Robinson (6) working with mice maintained on natural food rations containing 
streptothricin or streptomycin observed an inhibition of E. coli growth which 
persisted as long as these antibiotics Mere administered. It seemed possible, 
therefore, that nutritional deficiencies might be produced by the oral adminis- 
tration of these drugs. Accordingly, weanling male rats were given strepto- 
thricin as an adjunct to a purified diet. Unfortunately, due to the relatively 
high toxicity of this antibiotic the animals given the higher doses succumbed 
before the development of a nutritional deficiency could be expected to take 
place. Rats receiving smaller sub-lethal doses for several months appeared 
normal in all respects. The question, whether sterilization of the intestinal 
tract by agents other than the sulfonamides would produce the same type of 
nutritional deficiencies, remained therefore unanswered, due to the limited 
tolerance of the drug. The lower toxicity of streptomycin made it possible to 
administer higher, chemotherapeutically fully effective doses. Two levels 
Mere employed in the diets; one which had been shown previously to eliminate 
the coliform bacteria in the intestinal tract of mice (6) and the other a dose 
u Inch afforded maximum toleration. In order to accelerate the rate of depletion 
and to prevent the possibility of fastness to the drug all animals "ere given a 
supplemental oral dose of streptomycin on the first and second days of the test. 
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Experimental. Weanling male rats were segregated into 6 like groups of 10 animals 
each and given diets as indicated. The purified ration (H4) had the following composition: 
casein (Labco) 24, sucrose 60, salt mix (U.S.P. Jjf 1) 4, crisco 10, cod liver oil 2 supplemented 
with 1 mg. each of thiamine and pyridoxine, 2 mg. riboflavin, 5 mg. inositol, 10 mg. choline 
chloride per 100 gm. of diet. 

The liver containing rations (H4L) were identical with H4 except that 3% of the sucrose 
was replaced by a like quantity of dried whole liver. 1 

One group given each of the above diets received streptomycin at a level of 2500 units per 
gm. diet. In addition, a group was given 7500 units per gm. ration as an addendum to diet 
H4. 

All animals receiving streptomycin 1 were dosed by stomach tube with 25,000 additional 
units of the antibiotic on each of* the first 2 days on test. For comparison succinylsulfa- 
thiazole was fed to another group as an adjunct to the purified diet at a concentration 
of 0.75%. 

Controls received diets H4 and H4L respectively. It has been established elsewhere 
and in this laboratory that rats fed dried liver in conjunction with sulfonamide containing 
rations grow at a normal rate and do not give evidence of nutritional deficiency. 

The intake of streptomycin (as 'calculated from food consumption records) is indicated 
in table 1. The animals receiving the low level of the drug in conjunction with diets H4 

TABLE I 


Average daily inlake oj slreplomycin or snccinysulfaMazvle 


WEEKS ON 
TEST 

AVERACE DAILY INTAKE 
STREPTOMYCIN— DIET n4 
WITH 2500 UNITS/CM. 

AVERAGE DAILY INTAKE 
STREPTOMYCIN— DIET H4L 
WITH 2500 UNITS/CU. 

AVERACE DAILY INTAKE 
STREPTOMYCIN— DIET H4 
WITH 7500 CNITS/GM. 

AVERAGE DAILY INTAKE 
SUCCINYLSULFATHI AZOLE 
DIET H4 WITH 0.75 % 


vniti/kt. 

units /kg. 

units/kg. 

mi./hf. 

1 

364,440 

375,000 

875,000 

1000 

2 

288,230 

307,200 

783,050 

890 

3 

223,210 

253,900 

841,120 

740 

4 

214, 2S0 

234j 390 

766,420 

5SS 

5 

205,480 

198,410 

681,810 

(All animals dead 

0 

201,860 

159,810 

657,890 

by 34 days) 

7 

199,460 

185,950 

595,670 



and II4L consumed 100,000-275,000 units per kg. per day. The intake on the high level 
ranged from 600,000 to 875,000 units per kg. per day. These values are exclusive of the 
25,000 units administered on each of the first 2 days of the test. 

The rats fed the 2 levels of streptomycin in the purified ration grew at a rate 
that was only slightly below normal for the first 4 weeks of the experiment 
(fig. 1). No untoward effects other than a transient diarrhea were noted in the 
animals receiving 100,000-375,000 units of the drug per kg. until after about 
0 weeks", at which time the rats became hyperexcitable, vicious and some inco- 
ordination in movement was observed. Most of the animals in the group 
showed some evidence of ventral denudation. The rats receiving the liver, 
streptomycin containing diet grew at a normal rate but gave evidence of all of 


■ The liver contained 2.4 ^g. or biotin and 31 yg. of folic ncid per gm. 

= The streptomycin employed in these studies was supplied bv the Research Laboratories 
of Merck * Co. . Inc ami was equivalent in potency to 1 65-300 pg. streptomycin base per 
rnpm. of poiuH tRK™00 units jxt mgm„). 
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TIME IN DAYS 

Fig. 1. Growth of Male Rats Receiving Streptomycin or Soccinylsulfatiiiazole 

and their Controls 

the above signs except that the alopecia was slight. The animals were sacrificed 
after 55 days on test. Gross examination of the tissues at autopsy revealed 
no abnormalities. 

The rats consuming the larger amount of streptomycin grew at a rate that 
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was only slightly below normal for the first 4 weeks; after which time a distinct 
retardation was noted, particularly in 6 of the 10 animals of the group. Toxic 
manifestations were exaggerated; hyperactivity and hypersensitivity weTe 
noted within 24 hours after the beginning of the test. The movements of the 
animals were rapid, spasmodic and incoordinated. When the animals were 
handled respiratory depression followed by stimulation and an apparent brady- 
cardia was observed and subsequent tachycardia. Diarrhea of varying degrees 
of severity was seen throughout the test period. 

Prothrombin determinations were made by the Mushett and Seeler (7) modi- 
fication of the micro-method of Hoffman and Custer (8). The prothrombin 
time averaged 16 seconds for both the control and the streptomycin treated 
groups. Furthermore, the rats did not show leucopenia, granulocytopenia and 
anemia characteristic of folic acid deficiency (9). 

Denudation occurred earlier than with the lower intake of the antibiotic and 
in some cases involved the entire ventral and posterior dorsal aspects of the 
trunk. After 55 days on test 4 of the rats showing the most severe alopecia 
were given 5 /jg. of biotin daily subcutaneously. The other animals remained 
untreated and served as controls. The average weight increments for the en- 
suing 7 days were as follows: Biotin treated 31 gm., controls 15 gm. The rats 
receiving biotin gave evidence of new hair growdh. 

The rats receiving succinylsulfathiazole grew at a normal rate for almost a 
fortnight; after which they either failed to gain or exhibited marked weight 
losses. All animals had succumbed by 34 days. 

Counts of intestinal organisms were made using the procedures outlined by 
Smith and Robinson (6). As can be seen from fig. 2, a very striking drop in 
the number of coliform organisms v'as noted with both levels of streptomycin 
within 5 days following the initiation of therapy. The decrease in the coliform 
count was between 100 to 10,000 times that observed with succinylsulfathiazole. 

The total number of organisms (fig. 3) was also drastically reduced w'hereas 
the sulfonamide failed to have any depressing effect. The counts for all organ- 
isms (coliform and total) returned to normal between the seventh and twelfth 
days of treatment. This increase persisted for the duration of the experiment 
in the case of streptomycin but with the sulfonamide a secondary decrease in 
coliform organisms occurred. This drop was observed at a time at which the 
animals were in a moribund condition and 3 of an original 10 rats had succumbed. 
A further depression was noted when only 2 animals survived. 

The fastness of the coliform organisms was determined in vitro by means of 
the agar-streak method. The strains of E. coli isolated from the feces of treated 
animals from 24 hours to 12 days after the initiation of antibiotic administration, 
were resistant to at least 50,000 units of streptomycin per ml. or greater. This 
represents at least a 1000 fold increase in resistance over that of the E. coli 
occurring in the controls or in the experimental animals on the day prior to the 
starting of streptomycin therapy; the resistance of the isolated ~E. coli being 
7.5 to G2 units per ml. 

The vitamin synthesis of strains of E. coli sensitive and resistant to strepto- 
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mycin was determined microbiologically. The biotin content of the super- 
natant fluid of the sensitive strains was 5 times that of the resistant cultures; 
for the cells the increase was 3 fold. On the other hand the folic acid content 
of the 2 cultures was about the same. 

Discussion. The results obtained indicate that the feeding of streptomycin 
in conjunction with a purified ration has a slight retarding influence upon growth; 
an effect that is counteracted by dried whole liver. Delayed manifestations 
of toxicity such as hyperexcitability and incoordination appeared to be inde- 
pendent of dietary treatment. Alopecia was noted in the treated animals, 



Fig. 2. Effect of Streptomycin and Succintlsulfathiazole on tiie Colifokm Count 

of Rats 

particularly in those receiving the higher level of the antibiotic; however, rats 
maintained on the liver containing ration with the low level of streptomycin 
showed the same tendency but to a much lesser extent. Experiments in prog- 
ress will reveal the role of biotin as a possible protective agent. The denuda- 
tion points to a possible biotin deficiency; an observation borne out by the low 
biotin synthesis of the resistant organisms and by the response elicited from 
the parenteral curative administration of biotin. 

The prothrombin time was the same for both the experimental and the control 
groups indicating that the streptomycin treated animals did not exhibit a defi- 
ciency in vitamin IC. The antibiotic likewise did not produce the leucopenia, 
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granulocytopenia and anemia observed in folic acid avitaminosis induced by 
the feeding of sulfonamide containing purified rations. 

Eats receiving succinylsulfathiazole succumbed after making minimal weight 
gains. It would thus appear that the deficiency syndrome induced by the 
administration of streptomycin was not the same as that produced by 
succinylsulfathiazole . 

Fecal counts (total and coliform organisms) were made on all treated groups. 
The rats receiving streptomycin showed an initial decrease in coliform bacteria 
that far exceeded that observed with succinylsulfathiazole. The total flora 


w 



Fro. 3 Effect of Streptomycin and Succinylsulfathiazole on toe Intestinal Flo ha 

of Rats 

unlike the effects seen with the sulfonamide, was likewise reduced. The findings 
with succinylsulfathiazole are in agreement with those of Gant and co-workers 
(3) and of Miller (5). 

The coliform counts of all streptomycin treated animals returned to normal 
within a few days indicating a development of fastness to the drug. This was 
shown to be the case b^ a determination of resistance in vitro . The new strains 
of E. eoli were at least 1000 times less sensitive to streptomycin than those 
isolated from the feces of the animals prior to treatment or from the controls. 
The fastness to the antibiotic appeared within the first 24 hours of therapy 
although the period required for manifestation in the form of an increased count 
was 7-12 days. 
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A number of bacterial strains of the colon typhoid group have been shown 
readily to develop resistance in vitro to streptomycin and streptothricin (10). 

It is rather difficult to explain the production of nutritional deficiencies (other 
than biotin) with the sulfonamides by the reduction in coliform bacteria. A 
terminal decrease was noted; however Gant et al. (3), who employed a smaller 
percentage of the drug in the diet reported the production of a deficiency state 
at a time when the count was normal. This was likewise the case in the experi- 
ments reported. It would appear that biotin is fabricated by the coliform 
organisms as a deficiency in this vitamin was induced by the oral administration 
of streptomycin. 


SUMMARY 

Rats receiving 160,000-375,000 units per kg. of streptomycin in conjunction 
with a purified diet failed to develop significant nutritional deficiencies although 
some evidence of toxicity was observed. Rats fed a higher level of the drug, 
namely 580,000-875,000 units per kg. showed signs similar to those observed 
in experimental biotin deficiency. Furthermore, the animals responded to 
biotin therapy. Microbiological analyses indicated a decreased biotin synthesis. 
Deficiency signs ascribable to a lack of folic acid or vitamin K were not observed. 

The change in coliform count, a reduction following a return to normal, was 
similar to that seen with the sulfonamides; however the degree of depression 
was much greater. The total flora was likewise depressed with streptomycin 
which was not the case with succinylsulfathinzole. These findings would seem 
to indicate that for the temporary sterilization of the gastrointestinal tract 
streptomycin might be more effective than succinylsulfathiazole. 

Acknowledgements. We are indebted to Dr. C. W. Mushett and to Miss 
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biological assays. 
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Dehydrocholic acid and deoxycholic acid have been isolated and made avail- 
able for many years. Their properties and actions have been extensively 
reported upon and reviewed. Dehydrocholic acid, or sodium dehydrocholate, 
has been described as the least toxic and most choleretic of the bile acids and 
salts (1). Deoxycholic acid has been described as the most effective bile acid 
in aiding absorption of fats and fat-soluble vitamins from the gastro-intestinal 
tract (2). Based upon the estimation of a few properties of hepatic bile, dehy- 
drocholic acid has been classified as a “hydrocholeretic” drug, since it has been 
reported to augment the volume but not the daily output of solids in bile (3). 
Such has not been our experience in a study of a wide variety of properties of 
hepatic bile ; we have found both dehydrocholic and deoxycholic acids to augment 
the output of hepatic bile of normal composition in chronic, unanesthetized, 
biliary fistula dogs. 

Sixteen dogs, of 10 to 20 kilos body weight, were prepared for the continuous 
collection of hepatic bile by the technique of Rous and McMaster (4). The 
animals were given a liberal diet of dog chow, supplemented with table scraps, 
and exercised daily outdoors. They soon became accustomed to the cage and 
dressings attached to the abdomen and quietly allowed the daily removal of 
bile from the condom collecting bag. In this manner, dietary and emotional 
factors seemed to have been satisfactorily controlled. Dehydrocholic acid and 
deoxycholic acid were given in the form of Decholin and Degalol respectively, 
both drugs being kindly provided us by Riedel-de Haen, Inc. The drugs were 
administered in a dose of 0.1 gm. per kilo body weight impregnated in small 
pieces of meat which the dogs readily swallowed. Hepatic bile was drained 
off, measured and aliquots submitted to analyses at intervals of 24 hours follow- 
ing administration of each bile acid for periods up to 10 days. Values for the 
first three days after administration have been averaged and summarized in 
table 1, since in most dogs the output of bile, increased by the administration 
of the bile acids, had returned to, or was returning to, normal by the end of the 
third day. 

Upon each 24 hour sample of bile, the various estimations listed in table 1 
"Cre made. The relative viscosity was determined with the Ostwald viscosity 
pipette, sodium after the method of Hoffman and Osgood (5), potassium after 
the method of Hoffman (0), chloride after the technique of Van Slyke (7) 
inorganic phosphate after the method of Briggs (8), total fatty acids 'and the 
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three cholesterol fractions after the micromethod of Boyd (9), bilirubin after 
the technique of Thannhauscr and Anderson (10) and bile acids, or salts, by an 
adaptation of the Mylius-Pettenkoffer reaction. All colorimetric tests were 
adjusted to use with the pliotelometer and checked by measuring percentage 
recoveries of known added amounts of the substance in question, in the usual 
manner. 

Although a considerable body of work was involved and a large number of 
results obtained, the data may be described very briefly. The data from all 
experiments were tabulated, averaged and the mean changes recorded in table 1. 

TABLE 1 


The effect of Dccholin (“ A r ”) and Dcgalol (“£”) upon the output and properties of hepatic 
bile from chronic biliary fistula dogs 


PROPERTY* 

NORllAL 

EFFECT OF DECHOM* (‘ 

N ') AND DECALOL ( *L ') 

Da> 1 

Das 2 

Da} 5 

N 

L 

N 

L 

N 

L 

24 hr volume 

6 4 

15 S 

0 5 

12 9 

10 3 

9 9 

10 s 

Specific gravity 


1 0064 

1 OOS6 

1 0064 

1 0074 

1 0063 


Relative viscosity 

1 241 

1 202 

1 241 

1 246 

1 206 

1 225 

1 26S 

Total solids 

3 7S 

3 72 

3 69 

3 64 

3 75 

3 66 

3 69 

Sodium 

321 

31G 

31G 

322 

314 

31S 

314 

Potassium 

44 

43 

51 

42 

54 

42 

44 

Chlorides 

413* 

422 


42S 

403 

422 


Inorganic phosphate 

14 

12 

16 

13 

15 

15 

14 

Total fatty acids 

210 

1S2 

193 



20S 

212 

Total cholesterol 

3S 

3S 

35 



3S 

39 

Ester cholesterol 

24 

20 

25 



24 

2G 

Free cholesterol 

14 

IS 




14 

n 

Bilirubin 

26 

21 

24 

26 

25 

32 

29 

Bile acids 

2 2 

1 9 

2 1 

1 0 

1 7 

2 0 

1 9 








. 


* The units were 24 hour \olumc ml pci kilo bod> weight per 24 hours, total solids and 
bile acids gm per 100 ml of bile, \iscosity was related to distilled water equals 1 00 and all 
others were in terms of mgm per 100 ml of hepatic bile 


In all experiments, there was an increased output in the volume of hepatic bile 
following administration of either Dechohn or Dcgalol. On the other hand, 
there was little or no change in the properties of this bile, as may be seen from 
the data collected in table 1. It may be concluded that while Dccholin and 
Dcgalol both increase the volume output of hepatic bile in unanesthetized, 
chronic biliary' fistula dogs, no change occurs in the concentration of any of the 
properties studied. 

SUMMARY 

Decholin and Degnlol were given per ora m a dose of 0.1 gm. per kilo body 
weight to 1G unanesthetized, chronic bihnry fistula dog=. Cher a period of 
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three days, both drugs produced an increased volume output of hepatic bile 
but no significant change in its specific gravity, relative Viscosity, total solids, 
sodium, potassium, chlorides, inorganic phosphate, total fatty acids, total 
cholesterol, ester cholesterol, free cholesterol, bilirubin or bile acid contents. 
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A recent paper by Bell and Krantz (1) has suggested that the potency of 
digitalis preparations may be determined chemically. They employed the 
Knudson-Dresbach (2) method with two modifications: A tincture prepared 
from the U.S.P. Digitalis Reference Standard and a 50 % dilution of this tincture 


TABLE 1 

Comparison of chemical and pharmacopocial assays on three digitalis tinctures 


SAMPLE ISO. 


PE* CENT POTENCY IN TERMS OF STANDARD 


u sjp. xir 

Chemical 


| Full strength 

| Half strength* ' 

2 

9G 

156 

.frag fie 

175 


S4 

159 

■ K 


5 

97 

159 

153 

156 


105 

15S 

152 ! 


10 

107 

201 

190 

174 


120 

204 

190 




* The potencies obtained on 50% dilutions of the tinctures were multiplied by 2 to give 
the figures in this column 


served as the standards, and the intensity of the color was measured with an 
electrophotometer. These refinements have undoubtedly increased the precision 
and reproducibility of the original method, but lack of specificity would seem 
to constitute as serious a handicap as ever in its application to any solutions 
other than those containing pure glycosides. 

In the 18 preparations of digitalis examined by Bell and Krantz the chemical 
and U.S.P. XII assay agreed within the limits of experimental error frequently 
admitted to exist. The method is now being subjected to collaborative study 
by the U.S.P. Committee of Revision. 

In the course of our regulator}' activities we have occasion to assay numerous 
samples of digitalis and its preparations by the U.S.P. XII method. We have 
now examined 24 of these samples (16 tinctures, 8 tablets and capsules) by both 
the U.S.P. XII method and the colorimetric method described by Bell and 
Krantz. In 21 of these samples there was fair agreement between the two 
methods although the values for the colorimetric assay generally ran higher 
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than those of the U.S.P.XII assay. In the remaining 3 samples, all of which 
were tinctures, the potency as determined by the colorimetric assay was over 
50% greater than that found by the pharmacopoeial assay. Duplicate assays 
were run on these three samples by both methods. Because of the difficulty in 
making accurate scale readings of the intense color which these tinctures 
developed and in the absence of data on the relation between concentration and 
log-extinction in this region, additional colorimetric assays were done on each 
of the three tinctures following dilution to half strength with digitalis menstruum. 
The assays on these half strength tinctures did not alter our general conclusions 
but did furnish the information that tinctures differ from one another in the 
manner in w'hich dilution affects their chromogenicity; cf. Tinctures 2 and 10, 
table 1. Inasmuch as the method as outlined by Bell and Erantz makes no 
provision for diluting strong tinctures we have used the data obtained on the 
undiluted tinctures in computing the percentages in the last column of table 1. 

Discussion. From the present series it is impossible to tell whether the 
fact that these unsatisfactory results occurred only among the tinctures is any- 
thing more than coincidence. Our information on date of manufacture is 
incomplete but fails to indicate any relationship between the age of the respective 
tinctures and the magnitude of the discrepancy between the two methods. The 
series of 18 samples reported by Bell and Krantz included only three tinctures. 

SUMMARY and CONCLUSION 

The Bell-Krantz modification of the Kaudson-Dresbach colorimetric assay 
for digitalis gave satisfactory agreement with the U.S.P. XII assay in 8 samples 
of commercial tablets and capsules, but gave results from 56 to 75% higher 
than the U.S.P. method in three out of 16 commercial tinctures. The proposed 
chemical method cannot be relied on to yield results consistent with those 
obtained by the U.S.P. XII method for determining the potency of digitalis 
preparations. 

Acknowledgment. The technical assistance of Mr. S. E. Srensek is gratefully 
acknowledged. 
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Since the publication of Hsieh (1), the hamster has become an increasingly 
important laboratory animal for the experimental transmission of infectious 
diseases (2). It arises from one of the two genera — Cricetus and Cricdulns, 
The Chinese hamster, Cricelulus griseus, is easily trapped in the field, or raised 
in the laboratory on special diets (3). Adults usually weigh between 20 and 30 g. 
It is susceptible to mycobacterium tuberculosis (4, 5), pneumococcus type III 
(6), corynebacterium diphtheriae and its toxin (7, 8, 9), streptococcus 
hemolyticus (10), rabies virus (11, 12), influenza virus (13), and kala-azar (14, 
15, 16, 17, 18, 19). 

The Syrian or golden hamster, Cricelus auratus , is a larger animal. It is 
hardy and almost free from any characteristic odor. It multiplies quickly and 
thrives well with synthetic rations (20). The animal is susceptible to many 
virus diseases: influenza (21, 22), virus pneumonia (23), various forms of en- 
cephalitis (24, 25, 26, 27), equinme encephalomyelitis (28), the murine strain of 
poliomyelitis (29), mare abortion (30), lymphocytic choriomeningitis (31), 
and Colorado tick fever (32). The Syrian hamster is also subject to leprosy 
(33, 34, 35, 36, 37), tuberculosis (38, 39, 40), infections of Brucella abortus (41) 
and Clostridium chauvei (42), and carious lesions of the molar teeth (43). 
Experimental leishmaniasis (44, 45, 46, 47) and leptospirosis (4S, 49) can be 
easily produced in the same animal. 

Other species of the hamster which have served as laboratory animals are 
Cricelus frumentanus (50, 51, 52), Cricelus cricetus (53, 54, 55, 56), Cricelulus 
furunculus (57), Cricelulus migralonus (58), and Cricelulus Inton neslor (59, 60). 

The next important step is the investigation of therapeutic agents, particularly 
chemotherapeutics and antibiotics, in the hamster infected with different 
organisms and viruses. A good beginning has been made with experimental 
leishmaniasis (61, 62, 63, 64, 65), scabies (66), relapsing fever (67), and lepto- 
spirosis (68). 

It is also necessary to study the hamster’s responsiveness to drugs Repons 
are already available to show the indispensability of vitamins B», D, E, ribo- 
flavin, pyridoxine, pantothenic acid, p-ammobcnzoic acid, inositol, biotin, 
choline, and possibly folic acid in the Syrian hamster (20, 69, 70, 71). Vitamin 
C and nicotinic acid do not appear to be required by the animal (20). The 
significance of hormones has been dealt uith in other articles (72, 73, 74). Sea- 
sonal variations of acetylcholine action on the hamster’s muscles have been 
demonstrated (75). Curiously, in the hamster, morphine produces a high 
degree of analgesia but no narcosis or respirator}' depression (76). Admin- 
istration of quinacrine hydrochloride is followed by the development of myo- 
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cardial lesions in the hamster but not in the rat, guinea pig, rabbit, dog, and 
monkey (77). 

The purpose of the present investigation was to study the behavior of the 
Syrian hamster towards other well-known drugs which had not been tested. 
The information in this report should facilitate further pharmacologic work 
in this animal. 

Procedures and Results. Our hamsters were purchased from a dealer, 
but acclimated for at least a week in our air-conditioned quarters, the tempera- 
ture of which fluctuated between 26.7 and 28.0 °C. All experiments were per- 
formed during the months of June and July. The body weights varied from 65 



Fig 1 The Hamster Holder for Intravenous Injection 
Arrows in the insert indicating the course of the superficial vein of the right hind leg 


to 132 g., average 95.3 ± 1.1 g. There were more males than females — in the 
ratio of about 4 to 1. Their ages varied from 10 to 14 weeks. The animals 
' were fed on a commercial diet known as “Purina Laboratory Chow” with a 
liberal addition of kale. 

To avoid being bitten during handling, the operator should firmly seize the 
animal by the back of the neck. A superficial vein on the hind leg — the right 
log Ixang liettcr than the left for a righthanded person — may !>c exposed by 
tleUairing, and used for mtratewm- injection when the hamster is placed in a 
telr-co|>e-like holder, as illustrated in fig. 1. Drugs may also be very ca=ilv 
administered by other routes intramuscular, subcutaneous-, intra peritoneal, 
or oral. 
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The Syrian hamster was found to have a mean rectal temperature of 3S.7 
± 0.3°C. (15 animals), measured with a thermocouple. The mean respiratoiy 
and heart rates of normal animals were recorded as being 82 ± 5 and 2SG ± 12, 
per minute, respectively (45 readings from 15 animals). The mean normal 
blood sugar in 15 hamsters was determined to be 92.5 ± 4.1 mg. per 100 cc. 
according to the Hagedoin- Jensen method (78). 

1. Central depressants and stimulants. Three derivatives of barbituric acids 
were studied in the hamster starved for 10 hours. ‘Sodium Amytal’ (Sodium 
Iso-amyl Ethyl Barbiturate, Lilly') was injected both intravenously and intra- 
peritoneally. The median anesthetic doses, or AD 60 ’s as shown in table 1, were 
determined to be 49.2 ± 2.4 and 61 ± 2.2 mg. per kg., respectively. By the 
intraperitoneal injection of a dose of 62 mg. per kg., the onset of action was 5 
minutes, the duration of anesthesia averaged 25 minutes, and the recovery 
requited 95 minutes. The AD 50 ’s of ‘Seconal Sodium’ (Sodium Propyl-methyl- 

TABLE 1 


Determination nj median effective and lethal doses af seven drugs in the hamster 


DRLC | 

ADUIVTSTR \TIOV 

NUMBER 1 
OF HAMSTERS , 
USED 

DOSE DETERMINED 
(SFE 7FXT TOR EXPLANATION) 

'Sodium Amytal’ j 

Intravenous 

25 

ms perks. 

AD„o 49.2 ±2.4 

‘Sodium Amytal’ 

Intraperitoneal 

1 25 

AD., 61.0 

±2.2 

‘.Seconal Sod i uni* 

Intraperitoneal 

25 

ADso 39.0 

±1.6 

l’cntobnrbilal Podium 

Intraperitoneal 

25 

ADjo d3.0 

±2.2 

Insulin 

Intravenous 

28 

CD,o 61.6 

±7.4* 

Ouabain 

Subcutaneous 

29 

IAX„ 23.5 

±5.5 

Sodium Cyanide 

Subcutaneous 

29 

LDso * 

±0.3 

Strychnine Sulfate 

j Intnuenous 

20 

CDw 0.149 ±0.013 


* lTmts per Lj; 


carbinyl Allyl Barbituric Acid, Lilly) and pentobarbital sodium by intraperi- 
toneal injection uere found to be 39 ± l.Gand 53 ± 2.2 mg. per kg., respectively. 
The average duration of action, including recovery, of the former was longer 
than that of the latter— 210 minutes fot a clo«e of 10 mg. per kg. as against 105 
minutes for a dose of 50 mg per kg. In order to anesthetize all hamsters (100 
per cent), it was neee^saiv to administei intrapentoneally doses of ‘Sodium 
Amytal,’ ‘Seconal Sodium,’ and pent obai bit al sodium to the extent of 70, 45, 
and G2 mg. per kg., ie->pectively An amount of 10 per cent of cacli dose may 
lie repeated fiom tune to time for operative procedures, depending on pain 
reflexes and muscular rigidity. 

Strychnine sulfate in suitable dow- caused typical clonic convulsions by 
infiavenous injection. The median com ul-ive dow, or CDjo (see table 1), 
uas ob'Crved to be 0.1 19 ± 0 013 mg. per kg. 

2. Drugs acting on the cardwtascular system. By Mibcutaneous injection the 
median lethal do-e of ouabain «:r- estimated to bo 23 5 — 5.5 mg. per kg. (sec 
table 1). None of the injected ham-tci-. \omited, and thoe that died ‘•honed 
tremors prior to death. 
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The blood pressure of 2 hamsters anesthetized with ‘Sodium Amytal’ was 
iccoided with the Harvaul membiane manometer. Intravenous injection of 
epinephrine HC1 or acetylcholine chloride caused the usual rise or fall of blood 
ptessure with tachycaidia or bradycardia, respectively, as shown in fig. 2 
The animal is resistant to histamine. For example, a dose of 15 gg. in the form 
of the acid phosphate produced a very slight fall of blood pressure. 

Similai results were obtained in experiments for anaphylactic reaction. Five 
groups of 5 hamsters each were injected intraperitoneally with the sensitizing 
doses of 0 05, 0.1, 0 25, 0.5, and 1 ec of horse serum on each of 3 alternate days. 
At the end of 3 weeks, counting from the last dose, a final injection of 1 cc. of 
the same material, intiaperitoneally or intravenously, resulted in scratching 
of the no=e, ruffling of the hair, screaming, and athetoid movements, but no 
violent seizures similar to those occurring in the guinea pig under the same 
tieatment All the hamsters recoveied. 



EPINEPHRINE ACETYLCHOLINE 

HYDROCHLORIDE 2 CHLORIDE 3 PG. 


Fig 2 Tiie \ctio\ oi Drucs os the Hamster’s Blood Prissure 

■i Dings acting on the isolated smooth muscle organs. Three strips of small 
intestines fiom 2 hamsters weie suspended in Ringer’s solution, and tieated 
with sexeial autonomic drugs, one after another. It was found that epmephnne 
IK'l in coiiccntr.it ions of 1:2,000,000 to 1 : 100,000 and atropine sulfate in con- 
centrations of 1.5,000,000 to 1:1,000,000 both relaxed the intestines, while 
a< ct\ lchohne ehlonde, 1:1,000,000, physostigmme sulfate, 1:70,923, and pilo- 
carpine 11CI, 1 :o,250, all stimulated them. The effect of the last 3 could be 
easily antagonized by atropine sulfate Baimm ehlonde, which has a direct 
at turn on smooth muscle fibers, caused contiaetions in the strength of 1 : 10,000 
1 he isolated iitenix of the adult or pregnant hamster has spontaneous rhythmic 
tontrat turns Klexen 'tups of the uterus from 9 hamsters were immersed in 
Ringer’s solution, and studied with various substances Oxytocic drug' such 
as pitmtan extract, l SI 1 , and orgonowne maleate produced their usual 
effeit, namely, stimulation, as shown m fig 3. The uterus of the immature 
h mister 3 to 5 weeks old was less react ne to pituitary extract and ergonovino 
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maleate than that of adults. Barium chloride in concentrations of 1:20,000 
to 1:10,000 also contracted the isolated uterus. Histamine acid phosphate 
had a less certain action, causing only moderate stimulation in 1:200,000 to 
1 : 100,000 solutions. Pilocarpine HC1, 1 : 6,250, physostigmine sulfate, 1 : 76,923, 
acetylcholine chloride, 1:1,000,000, and mecholyl chloride, 1:1,000,000 to 
1 : 100,000, all produced stimulating action. Atropine sulfate, on the other 
hand, uniformly relaxed the uterus, particular)}" when applied at the peak of 
action of the parasympathomimetic drugs. Epinephrine HC1 had also an 
inhibitory action although by a different mechanism. 

4- Insulin. A series of 28 hamsters, divided into 6 unequal groups, were 
njected intravenously with various dose levels of insulin. Convulsions occurred 



**ERGO NOV? NE “MALE ATE 
tflOOjQOO 



EXTRACT OsaV 
PER IOO C.C. 


Fio. 3 The Action ok Drugs on the Isolated Hamster’s Uterus 


following the administration of adequate amounts. The median convulsive 
dose, CD 6 o (see table 1), was observed to be 61.6 ± 7.4 units per kg The blood 
sugar of 10 convulsing animals, determined bj" the Hagedorn-Jensen method 
(78), varied from 19 to 47 mg. per 100 cc. — a hypoglycemia comparable to that 
of other mammals. 

5. Sodiwn cyanide. A group of 29 hamsters were injected subcutaneously 
with various doses of sodium cyanide. The LD SII was computed to be 7.4 ± 
0.3 mg. per kg. (see table 1). 

Discussion. The results of the above experiments indicate that the Syrian 
hamster can be effectively anesthetized with the 3 common barbituric acid 
derivatives, ‘Sodium Amytal,’ ‘Seconal Sodium,’ and pentobarbital sodium. 
The doses presented should serve as useful guides, but they may vary from 
laboratory to laboratory due to differences in age, environmental temperature, 
and other conditions (80, 81). The hamster reacts to ‘Sodium Amytal’ and 
‘Seconal Sodium’ more like the mouse than the rat, dog, and man (79). Thus, 
‘Sodium Amvtal’ is shorter acting than ‘Seconal Sodium’ in the hamster and 
mouse; and vice versa, in the rat, dog, and man. 
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The hamster is apparently twice as sensitive to strychnine sulfate as the 
mouse, the data for the latter being published previously (80). 

There is a natural resistance of the hamster to the digitalis-like drug ouabain. 
The lethal doses for the cat, rabbit, and guinea pig all amount to a small fraction 
of 1 mg. per kg., as shown previously (82), while the mean lethal dose for the 
hamster exceeds 23 mg. per kg. The susceptibility of the hamster to ouabain 
obviously lies between that of the mouse and that of the rat (82). 

Although the hamster shows the usual response to epinephrine and acetyl- 
choline like other mammals, it exhibits a relative resistance to histamine. This 
is demonstrated on both blood pressure and the isolated uterus. In the same 
manner the animal is not very reactive to anaphylaxis induced by horse serum. 

The isolated intestine of the hamster behaves more like that of the rat and 
guinea pig than that of the rabbit. The peristaltic movements are small and 
require magnification in recording. Its response to epinephrine, acetylcholine, 
pilocarpine, physostigmine, atropine, and barium chloride is similar to that of 
the isolated rabbit’s intestine. 

The isolated uterus of the hamster registers spontaneous, rhythmic move- 
ments. Like that of the rat, it relaxes with epinephrine and atropine, and 
contracts with pituitary extract, ergonovine, acetylcholine, pilocarpine, physo- 
stigmine, barium cliloride, and histamine. The immature uterus appears to be 
less sensitive than adult ones. Due to spontaneous contractions, even the 
mature uterus is not suitable for assaying oxytocic drugs. 

The hamster readily develops hypoglycemic shock following intravenous 
injection of insulin. The blood sugar at the peak of action is comparable to 
that of other mammals. When judged by the median convulsive dose, the 
hamster is more resistant than the rabbit, mouse, rat, and dog (83). 

The sensitivity of the hamster to sodium cyanide is comparable to that of 
the mouse and dog, but is lower than that of the rabbit (84). 

The normal rectal temperature, blood sugar, respiratory rate, and heart rate 
have been reported in this communication. The normal blood pressure of the 
anesthetized hamster is in the neighborhood of 100 mm. Hg. 

If the hamster is in hibernation, its response to drugs will be undoubtedly 
different in degree or quality, as judged from other hibernating animals, such 
as, the woodchuck to insulin (85). All the data of the present series of experi- 
ments were recorded at temperatures of 2G.7 to 2S.9°C., when the hamster was 
widely awake. 


SUMMARY 

The Syrian hamster has been studied with various drugs. The anesthetic 
doses of 3 well-known barbituric acid derivatives have been determined. This 
information will ire useful for operative procedures in the laboratory. 

The Syrian hamster is about twice as sensitive to strychnine as the mouse. 

The blood pressure response of the Syrian hamster to acetylcholine and 
epinephrine is similar to that of other mammals. On the other hand, the ham- 
ster is relatively resistant to histamine and especially to anaphylactic reaction. 
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The isolated intestine and uterus of the Syrian hamster behave more like 
those of the rat towards autonomic drugs and smooth muscle stimulants. 

The rectal temperature, blood sugar, blood pressure, heart rate, and respirator}’ 
rate of the normal adult Syrian hamster have been recorded. 
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During studies on factors which, might influence the toxicity of nicotine for 
laboratory animals, certain ones have been encountered which seem worthy of 
reporting, especially because of their possible broader applicability to other 
toxicological investigations. These are described under several headings as 
follows: 

I. The effect of water and food deprivation on nicotine toxicitv. 
Crisler (1) has found that rats deprived of water for 48 hours were more sus- 
ceptible to the subcutaneous administration of depressing drugs (morphine; 
magnesium sulfate) and somewhat less susceptible to a stimulating one (strych- 
nine), than control animals. In similar studies on guinea pigs Carmichael (2) 
observed that a 48 hour period of water deprivation increased their susceptibility 
to subcutaneously administered tetanus toxin. In Maloney’s experience (3) 
quick dehydration of rabbits by the intravenous administration of hypertonic 
glucose and sucrose solutions led to an increase in resistance to intravenously 
injected picrotoxin and subcutaneously injected strychnine. The general scien- 
tific import of these observations, as well as the possibility that on occasion some 
irregularity in watering and feeding might accidentally occur, and so influence 
experimental results, prompted us to study the effects of water deprivation, and 
in addition, starvation, on the susceptibility of mice, rabbits and rats to paren- 
terally administered nicotine solutions. 

The nicotine solutions used in these as well as in all of the experiments here 
reported were adjusted to pH 7.3 with HCi and concentrations so made that 
the dose volumes for intraperitoneal injections were: mice, 20 ml. per kg.; rats, 
5 ml. per kg.; rabbits, 3 ml. per kg.; for intravenous injections: mice, 5 ml. per 
kg.; rabbits, 1.5 ml. per kg. Unless otherwise specified the dose of nicotine was 
calculated on the basis of the weight of the animal immediately prior to injection. 

Results (table I lists the experimental data and results) : Experiments 1 and 
2 (mice): The mice in experiment 1 which had been deprived of water for 48 
hours were significantly more tolerant to intraperitoneally administered nicotine 
than were the controls. Starvation for 48 hours with water allowed ad libitum 
(experiment 2) gave results indicating a trend towards somewhat greater toler- 
ance on part of the starved animals, although the difference noted between the 
results obtained on the starved and the control mice was not statistically signifi- 
cant, as determined by calculating <rp7 c (4). 

Experiment S (mice): The mice used in this experiment were aliquots from the 
same lot. Significant differences in susceptibility to nicotine given intrapen- 
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toneally occurred after water deprivation alone for 24 hours, and after water 
deprivation plus starvation for a similar period (B; E.). There appeared to be 
no additive effect when starvation was-superimposed on water deprivation. 

TABLE 1 


The effect of water and food de-privation on nicotine toxicity 


EXP. NO. 

GSOTJP 

NO. 

ANI- 

MALS 

EXP. 

PS.OCXD’SSX 

AV. 

INITIAL 

WT. 

AV. 

EXP. i 
WT. 

AV. 

CHANGE 

WT. 

1 


RESULTS 

DOSE 

NICO- 

TINE 

MODE 

ADMINIS- 

TRATION 

Natal- 

ities 

Statis- 

tical 

signifi- 

cance 

(P- 

.05) 

1— Male albino 1 
mice 

Control 

Expt’l 

40 

40 

Without wa- 
ter 48 hr. 

tm. 

gm. 

25.26 

20.77 

P<r 

cent 

mg./tg. 

8.5 

8.5 

I.P. 

I.P. 

a 

1 

2— Male albino 

Control 

40 


24.3 

23.1 

-5.0 

11.0 

I.P. 

75 


mice 

Expt’l 

40 

Without food 

24.5 

19.3 

-21.3 

11.0 

I.P. 

55 

N.S. 




48 hr. 








3— Male albino 

Control 

40 


20.66 

20.75 

+0.5 

n.o 

I.P. 

40 


mice 

Eipt'l “A" 

40 

Without wa- 

21.21 

18.72 

-11.7 

11.0 

I.P. 

30 

N.S. 




ter 12 hr. 









Expt’l “B” 

40 

Without wa- 

20.82 

17.42 

-16.3 

11.0 

I.P. 

10 

S. 




ter 24 hr. 









Eipt’l “C” 

40 

Starved 12 hr. 

21.86 

18.65 

-14.6 

11.0 

i.p. 

42.5 

N.S. 


Eipt’l ’’D” 

40 

Starved 24 hr. 


17.22 

-18.2 

11.0 

I.P. 

25.0 

N.S. 


Eipt’l "E” 

40 

! Without wa- 

20.70 | 

16.60 

-18.9 

11.0 

i.p. 

20.0 

s. 




ter & food 











24 hr. 









Eipt'l ”F” 

40 ! 

"Deduction” 

21.57 1 

20.56 

-4.6 j 

11.0 

i.p. 

30.0 

N.S. 

4— Male albino 

Control 

40 


27.04 

27.2S 

+0.8 ; 

.55 i 

I.V. 

46.7 


mice 

Expt’l 

40 

Without wa- 

27.80 

24.44 

-12.1 ; 

.55 1 

I.V. 

36.7 

N.S. 




ter 24 hr. 








5— Male albino 

Control “A” 

40 



16.0 


13.0 

■FK 

37.5 


mice 

Control "B” 

40 



16.0 


13.0 


30.0 

N.S. 

6 — Hnbbita, 

Control 

15 


1350 

1400 

+3.1 

15.5 


60.0 


mixed texts 

Expt’l 

15 

Without wa- 

1310 

1100 

-16.03 

15.5 


13.3 

S. 




ter 72 hr. 








7 — Babbits, 

Control 

15 


1780 

1830 

+2.8 

6.96 

HiK 

26.7 


mixed eexn 

ExptM**A’’ 

15 

Starved 72 hr 

. 1820 

1660 

-8.8 

6.96 


20.0 

NJS. 


Expt’l “B” 

15 

Without wn- 

1890 

1660 

-12.2 



60.0 

S. 




ter 72 hr. 




■ 




8 — Male nlbinc 

> Control 

30 



371.3 


23.0 

Mvm 

70.0 


rat* 

Expt’l “A” 

30 

Without wn- 


330.5 


23.0 

i.p. 

60.0 

N.S. 




ter 24 hr. 









ExptVB’’ 

30 

Without wn- 


331.8 


23.0 

ij*. 

73.0 

N.S. 




ter 45 hr. 









The results obtained after starvation (24 hours) alone (D), while indicating a 
trend toward lesser susceptibility, were not found to show a statistically signifi- 
cant difference from the control. 

A J2 hour period of water deprivation (A) or starvation (C) did not signifi- 
cantly alter the toxicity of nicotine. 
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A lower mortality might be expected in the starved group (D) because the 
dose of nicotine, calculated on a weight basis, was smaller in this series in terms 
of living tissue than was the case with fed control mice, because of the smaller 
amount of material in the gastrointestinal tract of these starved animals. To 
test the validity of such reasoning, the experimental group labelled “deduction” 
(F) was set up. This series consisted of normally fed mice, in which the dose 
of nicotine was determined after having deducted from the weight of each mouse 
the difference between the average weight of the gastrointestinal tract of control 
mice and those starved for 24 hours (1.27 gm.). The figure, 1.27 gm., was arrived 
at by subtracting the average weight of the excised gastrointestinal tracts of the 
previously referred to 24 hour starved group (D) from that of the control mice. 
The mortality figures for this “deduction” group, 30%, approached closely that 
of the 24 hour starved group (D), 25%. This indicates that the smaller amount 
of material in the gastrointestinal tract of the starved mice might have been a 
factor in accounting for the increase in tolerance trend because of its influence 
on the calculated dose of nicotine. That this is at best a smaller factor in the 
case of the water deprived mice in which increase in tolerance to nicotine is most 
marked, would follow from our further observation that the gastrointestinal 
tracts of these animals averaged only 0.65 gm. less than those of the controls. 

Experiment 4 (mice): Contrary to the results obtained by intraperitoneal 
injection, deprivation of water for 24 hours did not influence the toxicity of 
intravenously injected nicotine for mice. 

Experiment 5 ( mice ) : Experiment 5 was done to demonstrate the extent of the 
variance in mortality values obtained on two groups of 40 identically treated 
control mice, thus enabling better appreciation of the significance of the results 
acquired in the various experimental groups. In one group the fatalities were 
37.5%, in the other, 30%; this difference is not statistically significant. Obvi- 
ously the results of this experiment and the statistical analyses used in the other 
experiments are mutually supportive. 

Experiments 6 and 7 ( rabbits ) : These experiments done on rabbits again show 
that “dehydration” by water deprivation for 72 hours increases the tolerance 
for intrapcritoneally injected nicotine, whereas it tends significantly to decrease 
tolerance for intravenously injected nicotine. Shorter periods of water depriva- 
tion were not studied. Starvation for 72 hours was without effect on nicotine 
toxicity by intravenous injection. 

Experiment 8 (rats) : These experiments show that in the rat, water deprivation 
for periods up to 48 hours did not influence the toxicity of intraperitoneally 
administered nicotine Why the rat should react differently from the mouse in 
respect to the effect of water deprivation on the toxicity of intraperitoneally 
administered nicotine is difficult to explain. Possibly the time interval selected 
mav not have been sufficiently long to elicit a detectable difference. 

Discussion: Crisler (1) explained the results he obtained when studying the 
effect of water deprivation on the intensity of action of subcutaneously injected 
drugs on the basis that dehydration, because of its depressing action on the 
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organism generally, served to potentiate the effects of depressing drugs and to 
antagonize the effects of stimulating ones. Because we found that the toxicity 
of nicotine in water deprived animals was decreased when it was administered 
intraperitoneally, and remained unchanged (Exp. 4) or increased (Exp. 7) when 
it was administered by vein, we have assumed that the tolerance encountered in 
the intraperitoneally injected group was due to a diminished rate of nicotine 
absorption from the peritoneal cavity. This might be explained on the basis of 



Crum I. Tar. Effect of Disturbed Liver Function (Produced by Exposure to Carbon 
Tetrachloride) on the Toxicity or Nicotine for Mice 

Dose nicolinc >= 3 mg. per kg. (} L.D.jj), every 15 minutes, intraperitoneally. 

diminished blood volume following water deprivation (5) with consequent 
diminution of the blood supply to the peritoneal cavity. Xo attempt was made 
to estimate the effect of water deprivation on blood volume; however, it was 
found that the minced carcasses of the “dehydrated” mice (Exp. 1) contained 
slightly less water when dried to constant weight at 105 C C. than did their con- 
trols (GG.G-1% vs. GS.73%). This, however, was not a statistically significant 
difference. 
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II. The effect of disturbed liver function on nicotine toxicitt. This 
was studied by first inducing liver damage. Forty male albino mice '"'ere ex- 
posed to a vapor of carbon tetrachloride for a period of 60 minutes, during 40 of 
which the animals were completely anesthetized. Twenty-four hours later these 
mice, along with 40 controls, were injected intraperitoneally with 5 mg. per kg. 
nicotine (§ L.D.eo) every 15 minutes. Graph I illustrates the results obtained 
and shows the marked reduction in nicotine tolerance of the carbon tetrachloride 
treated mice as compared with the controls These findings indicating the im- 
portant r61e of the liver in nicotine detoxication, are in keeping with the obser- 
vations of several other groups of investigators (6, 7, 8, 9). Necropsy (gross 



Graph II. The Effect of Rate of Administration on Nicotine Toxicitt for Mice. 
Effect of Length of Interval between Doses 


Dose nicotine = 5 mg per kg. (j L D !D ) at S, 10, 15 and 20 minute intervals, intra- 
peritoneally. 


and microscopic) examination of the carbon tetrachloride treated animals re- 
vealed the characteristic hepatoxic action of this chemical. 

The criticism could be made tiiat the carbon tetrachloride treated animals 
might have been less tolerant to nicotine than the controls, because of a general- 
ized debilitated state rather than specifically because of liver damage. To ex- 
plore this possibility a series of experiments similar to the above were done, 
except that the mice were subjected, in the place of nicotine, to acute anoxia, a 
condition in which hepatic adequacy would not seem to be as much an influencing 
factor as the general body resistance Forty mice were treated with carbon 
tetrachloride as above, and these, together with control animals were exposed to 
a reduced atmospheric pressure (to 225 mm. Hg in 10 minutes, maintained for 
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7.5 minutes and to atmospheric in 5 minutes). In this experiment there was an 
almost equal number of fatalities in each group: 55 per cent in the carbon tetra- 
chloride series and 52 per cent in the control group. 

III. The effect of hate of administration on nicotine toxicity A. Ef- 
fect of length of interval between doses. This experiment demonstrates the rate of 
nicotine disposal by the mouse as related to time intervals between doses. 

Ninety-six male albino mice were divided into four equal groups. Five mg. 
(| L.D.e 0 ) per kg. of nicotine was injected intraperitoneally to surviving animals 
at intervals of five minutes (group A); 10 minutes (group B); 15 minutes (group 



Graph III. The Effect of Rate of Aditinisteation on Nicotine Toxicitv foe Mice. 
Effect of Fractionating Dose 

P?! c n * cot ' De “ 5 rag. per kg. (} L.D. (S ) for group “a” every 15 minutes, 2} mg. per kg. 
u E.D.,o) for group “b” every 7} minutes, intraperitoneally. 

C); and 20 minutes (group D). The results are shown in graph 2. The mean 
lethal dose for the entire group A was 41.0 ± 1.8 mg. nicotine per kg.; for group 
B, 58.3 db 3.1 mg. ; for group C, 69.4 ±3.9 mg. ; and for group D, 67.3 ± 2.8 mg. 
Statistically the differences are significant between all groups except between 
C and D. 

Thus it is apparent that even small changes in the rate of administration of 
nicotine markedly affects its toxicity. 

"When calculated on the basis of mean values and in terms of mg. of nicotine, 
the rate of disposal for mice injected at 5 minute intervals was 0.76 mg. per kg! 
per minute; 0.41 mg. for those injected at 10 minute intervals; 0.2S mg. for 
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those at 15 minutes and 0.21 mg. for those of the 20 minute interval. These 
results are in general in conformity with those of Weatherby (10) who showed 
the relationship between rate of a dmi nistration and rate of disposal of nicotine 
in the rabbit. However, it appears from the present studies and others previ- 
ously reported (11) that the rate of disposal of nicotine in the mouse is several 
fold that in the rabbit. 

B. Effect of fractionating dose. Twenty male mice were injected intrapen- 
toneally with 5 mg. per kg. nicotine (§ L.D. 60 ) every 15 minutes (group a), and 
another 20 with 2.5 mg. (J L.D. 50 ) every 7.5 minutes (group b). The results 
are charted in graph 3. The mean lethal dose for group a was 42.2 ± 2.7 mg. 
nicotine per kg.; for group b, 53.0 ± 1.4 mg. Although both groups received 
the same amount of nicotine during each 15 minute period, the group receiving 
this amount in two portions (b) showed significantly the greatest mean lethal 
dose, the highest L.D. S0 (5.25 vs. 4 acute L.D. 5 o), and a mean higher rate of 
detoxication per minute (.281 vs. .254 mg. per kg.). This experiment again 
demonstrates the importance of considering dose-interval relationships in deter- 
mining maximum disposal capacities in studies of this type. 

SUMMARY 

1. Water deprivation w r as found to increase the tolerance of mice and rabbits 
to intraperitoneally injected nicotine, but not to intravenously injected nicotine. 
Water deprivation in rats for similar periods did not alter their susceptibility to 
intraperitoneally injected nicotine. 

2. Damage of the liver by exposure to carbon tetrachloride decreased the 
tolerance of mice to intraperitoneally administered nicotine. 

3. The rate of administration of nicotine markedly affects its toxicity. 
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Effective prophylactic and therapeutic procedures in the prevention and 
treatment of DDT poisoning are dependent on a knowledge of its site and mode 
of action. Such knowledge can he quantitated only when a method of sufficient 
sensitivity and accuracy is available to determine small quantities of the material 
in tissues and excreta Several chemical methods for DDT have been developed 
with this in view but they all lack specificity. The earliest of these was that of 
Smith (1) who used the determination of organically bound chlorine to trace 
DDT and its metabolic products, and that in which we have used the dibrom 
analogue of DDT, 2,2-bis (p-bromophenyl) 1 , 1 , 1-trichloroethane by analyzing 
tissues for bromine. It was not, however, until the method of Schechter and 
Haller (2) became available that the specificity requirement was met. 

The fundamental principles of this method have been thoroughly described by 
Schechter and Haller and only a brief summary will be given here. Upon in- 
tensive nitration DDT is converted to the tetranitro derivative. This compound 
gives a blue color when dissolved in benzene and methanol solution of sodium 
methoxide. The absorption maximum of this color in the visible range is 600 m/i. 
The principal metabolic product of DDT in the urine as reported by White and 
Sweeney (3) is 2,2-bis (p-chlorophenyl) acetic acid, hereinafter referred to as 
DDA. Two secondary metabolic products have been detected in this laboratory 
in rabbit urine. All three compounds are converted by nitration to the tetra- 
nitro p,p' dichlorobenzophenone. The tetranitro ketone when dissolved in 
benzene and the sodium methoxide reagent produces a red color which exhibits 
two maxima, the primary at 540 mp and a secondary' at 420 mp. In this labo- 
ratory we have found DDT in all tissues examined and in the feces of animals 
after oral administration, but never in uncontaminated catheter urine. DDA 
has been found in tissue and in the urine. The other two metabolites have been 
detected only in the urine to the extent of 25-30 per cent of the total excretory' 
metabolic products of DDT. Since they are extracted by the same method as 
that used for DDA and since they' give the same color in the test they may' be 
considered the quantitative equivalent of DDA in the urine analysis. Fig. 1 
illustrates the absorption in the visible spectrum of the colors obtained with 
DDT and DDA. 

1 A portion of the funds used in this investigation was supplied by a transfer, recom- 
mended by the Committee oa Medical Research, between the Office of Scientific Research 
and Development and the Division of Pharmacology, Food and Drug Administration. 
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The method as described above has been applied to tissues of animals which 
have received only DDT purified by repeated recrystallization from 95 per cent 
ethanol, melting at 108-109°C. Feeding commercial DDT which contains con- 
siderable amounts of the o,p' isomer would introduce an interfering substance 
since it has already been determined by Schechter and Haller that the o , p' isomer 
develops a color different from the p,p' isomer. The a dminis tration of other 



Tig. 1. Absorption- Curves or DDT avd DDA Colors over the Visible Spectrum 

1, Tetranitro DDT 10 gamma per ml 2, Tetranitro p.p'-dichlorobenzopbcnone 

10 gamma per ml. 

halogenated compounds structurally related to DDT should also be avoided, as 
many of these produce interfering colors. 

Several methods are available for the preparation of DDA (3, 4, 5). In this 
work the DDA was prepared by long hydrotysis of DDT in alkaline propylene 
glycol. Repeated recrystallizations from ethanol of the alkali soluble portion 
of the product yields DDA melting from 167-16S°C. The methods for the 
determination of DDT and DDA in biological materials are presented in de- 
tail below. 
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Methods. Apparatus and reagents. 

1. Diethyl ether, ACS standard solvent grade. 

2. Anhydrous sodium sulfate powder. 

3. 0.5 N sodium hydroxide, 

4. Saturated solution of sodium chloride. 

5. Nitration reagent consisting of equal parts of fuming nitric acid (sp. gr. — 1.5) and 
concentrated sulfuric acid (sp. gr. — 1.8). 

6. 6 N sulfuric acid. 

7. Benzene, dried by redistilling and discarding the first third. 

8. “Dry” methanol, prepared by drying with magnesium by the method recommended 
by Fieser (6). 

9. Sodium methoxide solution, 10 per cent w/v in "dry” methanol. This may be pre- 
pared in either of two ways. 

a. Commercial sodium methoxide of good quality may be used. Dissolve a weighed 
amount in the calculated volume of “dry” methanol. (It is best to make the solution 
5-6 per cent stronger than calculated since commercial sodium methoxide contains some 
carbonate.) Filter the solution through a coarse filter, take an aliquot, dilute it with 
water, and titrate with standard acid. Adjust the solution to 1.85 ± .02 N and store 
in a container protected from moisture and COs. 

b. If commercial sodium methoxide is not available, the reagent may be prepared by 
making a 4.3 per cent solution of sodium in “dry” methanol. Place the “dry” methanol 
in a flask fitted with a reflux condenser and keep cold by placing in an ice bath. Add 
the Bodium portionwise through the top of the condenser. After the sodium has reacted, 
titrate the solution and adjust it to the required normality as described in procedure a. 

10. Automatic dispensers. (Not essential but convenient.) 

11. Spectrophotometer or filter photometer. The method as described has been devel- 
oped with the use of a Beckman Photoelectric Quartz Spectrophotometer. However, it 
may be adapted to a filter photometer provided with monochromatic filters of the specified 
wave lengths. 

12. Colorimeter cells. Use has been made of cells having a 1 cm. absorption depth and 
a capacity of 4 ml. For different instruments and cells the method must be adapted to fit 
the existing conditions. 

13. Test tubes. 18 x 150 mm. 

Preparation oj standard curves. DDT. Prepare standard solutions of DDT in ether hav- 
ing concentrations of 5.0, 10.0, 20.0, 30.0 and 40.0 micrograms of DDT per ml. Pipette one 
ml. of these solutions into separate test tubes. Remove the ether on a steam bath using a 
current of air. Add two ml. of the nitration reagent to each tube and place the tubes in a 
steam bath for GO minutes. At the end of this time remove the tubes and allow to cool. 
Dilute the mixture with 20 ml. of ice cold distilled water and transfer to a 125 ml. separatory 
funnel. Wash the residual contents of the tube into the funnel with another 20 ml. portion 
of water and then three times 'with 10 ml. portions of ether. Shake the funnels vigorously 
for about a minute to insure transfer of the nitration products into the ether layer. Re- 
move the aqueous layer and discard. Shake the ether solution for 20 seconds with 20 ml. 
of chilled 0.5 N sodium hydroxide and wash twice with 20 ml. portions of saturated sodium 
chloride solution. Make the last separation os complete as possible without loss of the 
ether solution and transfer the latter through a dried cotton plug held in a small 40 mm. 
diameter Bunsen funnel into a dry 50 ml. Erlcnmeycr flask. The cotton should be moistened 
with ether before filtration. Rinse the separatory funnel several times with ether and 
filter into the flask. Place a glass bead in the flask and remove the ether on a steam bath 
with a stream of air. Add to the dry residue 2.0 ml. of benzene and 4.0 ml. of the standard 
methoxide reagent. The blue color develops to a maximum in 10 minutes and may be read 
between 10 and 20 minutes after addition of the reagent using a wave length setting of 
COO ma. The zero setting of the instrument is made on a solution of 2 ml. of benzene and 
4 ml. of sodium methoxide reagent. 
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DDA. Preparation of the standard curve for DDA is carried out in a manner identical 
to that described for DDT with the exception that the red color obtained is read at a wave 
length of 540 the point of maximum absorption. 

A standard curve for each substance is prepared similar to that of fig. 2 by plotting 
extinction values as the abscissa and micrograms of DDT or DDA as the ordinate. These 
curves may be used to determine the amount of material in unknown samples directly from 
the colorimeter reading. The curves should be checked with fresh standards after the 
preparation of each new batch of sodium methoxide reagent since the color intensity varies 
with the concentration of this solution. 



Fig. 2. Relatioxshif between DDT and DDA Covcentu ation and Colohimeteb 

Reading 

Curve I, DDT color read at GOO my. Curve 2, DDA color read at 540 m a. 

Urine analysis. Fresh catheter urine should be used for all analyses since there is danger 
of contaminating the urine with DDT from feces. The volume of urine chosen depends 
upon the route of administration, the size of the dose, and the time interval after a single 
dose, and should contain approximately SO micrograms of the acid. Jn this laboratory 
1-10 ml. volumes of a 24-hour urine specimen are used. 

Pipette the urine directly into a 125 ml. Eeparatory funnel, acidify to pH 2 with 6 N 
sulfuric acid and add water to bring the volume up to 20 ml. It is usually necessary to 
allow the solution to stand for about 15 minutes to remov e the evolved CO;. Add an equal 
volume of ether and shake thoroughly to insure transfer of the DDA into the ether phase. 
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This may be accomplished with one extraction with ether if vigorous mixing is insured. If 
emulsions form they may usually be broken by the addition of a few drops of ethanol. 
Separate the aqueous phase as completely as' possible without loss of the ether. Wash the 
ether with 10 ml. of distilled water followed by a washing with 10 ml. of a saturated salt 
solution. Transfer the ether from the top of the funnel to a test tube and remove it by 
evaporation on a steam bath. This may be done by portions if necessary. Rinse the 
funnel with several small portions of ether, add the rinsings to the test tube and evaporate 
to dryness using a current of air. Add two ml. of the nitration reagent to the dry residue 
and carry out the procedure from this point as described under Preparation of standard 
curves— DDA. Estimate the concentration of the DDA in the final solution directly from 
the standard curve and from this figure calculate the concentration in the urine sample. 
To convert the weight of DDA to its equivalent of DDT multiply by 1.258. Recoveries of 
added DDA to normal urine by this method are given in table 1. 

Tissue analysis. All tissues except the adipose tissue may be analyzed by the following 
procedure. Since the latter contains relatively large amounts of DDT as reported by 
Woodard, Ofner, and Montgomery (7) (as much as 500 mg. per cent) special methods are 
necessary for its analysis. This will be taken up under a separate heading. 

(a) Preparing extract. Wash the fresh tissue with a stream of distilled water from a 
wash bottle to remove any blood clots from the external surface, blot the surface dry and 


TABLE 1 

Recovery of DDA added to one ml. of rabbit urine 


MICROCRaUS DDA ADDED 

vtcrocraus DDA recovered 

% taorav 

10 

10.2 

102 

10 

9.7 

97 

20 

20.2 

. 

101 

20 

20.0 

100 

40 

38.5 

96 

40 

38.5 

96 


weigh immediately. Grind the tissue in a mortar with sufficient 6 X sulfuric acid to make 
the pH approximately 2. Add a weighed amount of anhydrous sodium sulfate equal to 
about twice or three times the weight of the tissue and grind to a fine powder to insure 
complete breaking up of the cells. Transfer quantitatively the whole sample or a weighed 
aliquot to a Soxhlet with a sleeve having a capacity of about 30 ml. Carry out the extrac- 
tion with JO to 50 ml. of ether for a period corresponding to six syphonings of the apparatus. 
Duplicate samples of each tissue should be run if two or more grams wet weight arc avail- 
able. For n single analysis one gram of tissue is the minimum allowable weight to be used. 
At the end of the period transfer the ether extract quantitatively to a 50 ml. volumetric 
flask and make up to the mark with ether rinsings from the extraction vessel. The extracts 
may be stored in the refrigerator for several days before analysis. When less than two 
grams of tissue arc extracted in tins manner concentrate the extract to a volume of 20 ml. 
and transfer it directly to a separatory funnel ns described below. 

(b) Separation of DDT from DDA. The above extract contains both DDT and DDA. 
To carry out the analysis it is necessary to separate the two. This may he done in the 
following nay. Pipette a definite volume of the extract corresponding to approximatelv 
ono gram of the original tissue into a separatory funnel and adjust the volume to 20 ml. 
with ether. Wash the ether twice with 0.5 X sodium hydroxide and once with distilled 
water using 10 ml. volumes in each case. Combine the aqueous washings in another 
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separatory funnel, wash the latter once with ID ml. of ether and transfer the aqueous layer 
to another funnel. Combine all ether extracts. The DDT remains in the ether solution 
and the DDA is carried over into the alkaline extract. The analysis is carried out sepa- 
rately for each substance ns given below. 

(c) Analysis for DDT. Dry the ether layer containing the DDT by shaking twice with 
10 ml. of saturated salt solution. Transfer the dried ether quantitatively to a test tube 
with several washings of the funnel with ether. Evaporate the ether and if necessary dry 
the residue by the addition of a small amount of acetone which is subsequently removed by 
boiling and using a current of air. Place the test tube containing the dried residue in an 
ice bath, add approximately two ml. of the nitration reagent for every gram of original 
tissue represented by the extract and allow to remain in the ice bath for 30 minutes. Re- 
move the test tube, bring it to room temperature and then place it in a steam bath for 
60 minutes. The procedure from this point is identical to that described under Preparation 
of standard curves — DDT. The amount of DDT present may be read directly from the 
standard curve after the subtraction of the blank if necessary-. The discussion of the 
determination of the blank will be presented under a separate heading. 

(d) Analysis for DDA. Adjust the combined alkaline washings from above to a pH 
of 2 with 6 N sulfuric acid. Add an equal volume of ether and extract the solution by 
vigorous shaking. Separate the aqueous layer and discard it. Wash the ether layer once 

TABLE 2 


Recovery of added DDT and DDA to one gram of rabbit liver 


LIVE* 1 * 0 . 

WCROGRAMS 
DDT ADDED 

MICROGRAMS 

DDT 

recovered 

% RECOVERY 

DDT 

MICROGRAMS 
DDA ADDED 

U1CROCRAMS 

DDA 

RECOVERED 

% RECOVERY 

DDA 

I 

5.0 

5.0 

100 

2 0 

2.1 

105 

2 

5.0 

5.2 

104 

4 0 

4.2 

105 

3 

10.0 

9.7 

97 

2.0 

2.0 


4 

10.0 

10.0 

100 

6 0 

5.7 

95 

5 

15 0 

15 0 

100 

4.0 

4.2 

105 

6 

15 0 

14.7 

93 

6.0 

6.0 

100 


with distilled water and twice with saturated salt solution using 10 ml. volumes for each 
washing. Transfer the ether quantitatively to a test tube, evaporate the ether, and dry 
the residue with acetone if necessary. Chill the tube and add the nitration reagent in the 
proportions described for DDT. The remainder of the procedure is identical to that de- 
scribed under Preparation of standard curves — DDA. 

Recoveries of both DDT and DDA when added to the same tissue and separated in this 
manner are given in table 2 

(e) Estimation of the blank. It has been found that when less than 1 mg. per cent or 
10 micrograms per gram of cither DDT or DDA are present in tissues or urine the recoveries 
are consistently 10 to 20 per cent high This may be directly attributable to the yellow 
color produced on nitration of extracts of normal tissue or urine. Indeed the observed 
variations in recoveries at higher concentration may be due in part to differences in the 
blank from one animal to the next. Nomeans has yet been found for successfully eliminat- 
ing this undesirable feature of the method. We have estimated the amount of the blank 
by reading the solution at a spectral point where the blnnk absorption is greater than that 
of DDT or DDA and relating this reading to that of the blank at the spectral points used 
for the DDT and DDA analyses, viz. COO m i and 540 mu respectively. The spectral point 
which meets this requirement is 165 mu. Normal tissues from both rats and rabbits have 
been carried through the method to determine the consistency of the blank. It was found 
that within reasonable limits the extinction value at COO mu was i of the reading at •! Co mu. 
Likewise the reading at 540 mu was J of that at 465 mu. Table 3 contains data illustr t ng 
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this point. In practice the following procedure is adopted. Read at 465 rap when the 
extinction value at 600 nyj for the sample containing DDT is less than that representing 
10 micrograms /gram of tissue. Divide the reading at 465 rap by 6 and subtract the quotient 
from the reading at 600 mp . Refer this corrected extinction value to the standard curve for 
estimation of the amount of DDT. If in determining DDA the same criterion is met then 
the reading at 465 mp is divided by 3 and the quotient is subtracted from the reading at 
640 mp to obtain the corrected reading for DDA. 

(f) Analysis o/ adipose tissue. By far the most accurate and reproducible results are 
obtained when analysing fat for DDT since the tremendous concentration in the fat neces- 
sitates the analysis of very small aliquots with' consequent disappearance of interfering 
colors. Extract one gram of the fatty tissue with ether. This may be done conveniently 
by grinding with a small amount of washed sand and 10-20 ml. of ether. Repeat several 
times and decant the ether without loss into a 50 ml. volumetric flask after each grinding. 
When the fat is completely extracted leaving a small deposit of connective tissue the volume 
is adjusted to 50 ml. Take one milliliter of this solution for the nitration as previously 
described. A larger or smaller aliquot may be used depending upon the expected concen- 
tration. If it is desired to analyze for DDA the remainder of the solution is transferred 


TABLE 3 

Extinction values at different spectral points of normal rat livers in the 
Schechter-Haller procedure 



EXTINCTION 

1 CM. ■' 
ALIQUOTS 

DDT procedure 

DDA procedure 


465 Trip 

600 mp 

465/600 f np 

465 mp 

540 mp 

465/540 mp 

1 

.029 

.005 

5.8 

.038 

.013 

2.9 

2 

.033 

.006 


.042 

.015 

2.8 

3 

.042 

.010 


.032 

.011 

2.9 

4 

.031 

.005 


.031 

.010 

3.1 

5 

.026 

.004 


.021 

.008 

3.4 

6 

.034 

.005 

6.8 

.031 

.010 

3.1 

Average 

5.8 



3.0 


to a separatory funnel and extracted with alkali. The alkaline solution is then analyzed 
for DDA by the described procedure. 


DISCUSSION 

The method as described is of an empirical nature. Changes may be made 
as it seems advisable to the individual operator but once a standard procedure 
has been adopted it should be followed in every detail. In this laboratory we 
have used the method in determining DDA in a large number of rabbit urines. 
Analysis of the data from duplicate determinations ranging from 1 microgram 
to 40 micrograms in 1 ml. of urine gives a standard deviation ±0.5 micrograms. 
A sufficient number of tissue analyses have not been made to give a satisfactory 
calculation of the precision for the DDT analysis. However, determination of 
standards in duplicate as well ns recovery experiments from tissue with DDT 
indicate that the determination of DDT is considerably more precise than that 
of DDA. Tlie accuracy of the methods of both DDT and DDA are indicated 
from the recovery data in table 2. 
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The possibility of the presence of metabolites other than those already men- 
tioned cannot be overlooked. However, the method is applicable to those dis- 
cussed above. There could be others which do not produce colors when sub- 
jected to this test. Investigation of this point is under way. 

To guide the investigator in his analysis the following tissue levels of DDT 
have been found in rabbits after single oral doses in corn oil of 200 mg. /kg.: 
blood, 0.5-5.0 mg. %; liver, 1.0-3.0 mg. %; kidney, 2.0-5.0 mg. %; brain, 
1.O-3.0 mg. %; perirenal fat, 10.0-50.0 mg. %. The tissue values of DDA range 
close to 10 per cent of the DDT concentration in most cases. The urine con- 
centration of DDA varies from a high of 5.0 mg. per cent down to 0.5 mg. per 
cent during the first few days after administration but excretion has been de- 
tected as long as 16 days after a single dose of DDT. 

SUMMARY 

The colorimetric method of Schechter and Haller for DDT has been adapted 
to the determination of DDT and its known metabolite in biological materials. 
The method is fast and reliable down to 1.0 mg. per cent of either DDT or DDA 
in tissues or urine. Lower concentrations may be determined by the subtraction 
of an estimated blank with but a slight decrease in accuracy. The method is 
empirical and requires careful standardization of technic and reagents. An ac- 
curacy of 5 per cent can be obtained with DDT and 10 per cent with DDA. 
The standard deviation of duplicate analysis is ±0.5 micrograms for DDA and 
less for DDT. 
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